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Introduction
Human anatomy is a science studying form and a structure of body of the living person in connection with its functions and regularities of development.
Studying structure of separate organs and systems in close connection with their function, the anatomy surveys an organism of the person as a unit, developing on the basis of the regularities under influences of internal and external factors during the whole process of evolution.
The purpose of this subject is to study the structure of organs and systems of the person, features of structure of body of the person in comparison with animals, revealing of age, sexual and individual variability of anatomic frames, studies on the adaptation of the form and structure of organs to varying conditions of function and existence. Such functional-anatomic, evolutionary and causal treating of the fact sheet about morphological features of an organism of the person in a course of anatomy has huge value for clinical manifestation as it promotes comprehension of the nature of the healthy and sick person. 
The present educational-methodical practical work is based on the sample of educational and working programs on human anatomy according to credit-modular system of the organization of educational process. It is directed to assist the students and teachers in the organization and maintenance of the most effective approach for studying and teaching of this subject. 
I. General information 
CONVERTING OF MARKS ON HUMAN ANATOMY INTO ECTS SCALE AND TRADITIONAL (FOUR-POINT) SYSTEM
Students, who have finished learning the subject of human anatomy and obtained marks, are estimated according to the ECTS scale and traditional foul-level system, in the following way:

	ECTS  mark
	Statistics index
	Four-point system

	A
	The best 10 % of students
	“5”

	B
	The next 25 % of students
	“4”

	C
	The next 30 % of students
	

	D
	The next 25 % of students
	“3”

	E
	The last 10 % of students
	

	FX, F
	Students unable to demonstrate satisfactory progress
	“2”


The estimation range from  «A», «B», «C», «D», «E» is appropriate only for students, who have successfully completed the study of the course.
For those students who want to improve their level according to the ECTS scale, final estimation of their knowledge is performed additionally on completion of the course by a commission according to the final and exact goals of the discipline.
Marks FX, F («2») are given for students who haven’t succeeded in at least one module of the discipline, after completion of their study.
FX is the estimation mark of students who gained the minimal amount of points for current educational activity, but who failed in at least one final module control. This category of students has a right to retake the final module control according to the approved schedule during vacations in no more than two attempts.
Students, who attended all the lessons of the module, but haven’t gained the minimal amount of points for current educational activity and were not allowed to pass the final module control, are estimated as F. This category of students has a right to repeat the study of the module.
ESTIMAtion of KNOWLEDGE ON THE discipline
The final mark on the discipline is given only for those students who have succeeded in all the modules. 
Students who have failed in at least one final module control have a right to retake it according to the approved schedule during winter or summer vacations (till July1, of the current year) within two weeks after the completion of the academic year. The student can retake the final module control no more than two times.
Student who have unsatisfactory marks twice on two or more modules of the discipline, (i.e the final module control with the group and on the first retake of the module), must pass the oral commission conversation (exam) over the entire subject at the end of course during winter vacations.
Estimation structure of the III module

	Module 3.

Anatomy of the nervous system and sense organs.

Includes: 6 sub-modules and 28 thematic lessons.

112+8+80=200

	THEME modules
	Individual work
	Final control

	The value of 1 lesson – 4 points.

Maximum points – 112.

Minimum points – 56. 
	Maximum points – 8.
	Maximum points – 80.
Minimum points – 50. 

	“5” – 4
“4” – 3

“3” – 1-2

“2” - 0
	1 place – 8 points.
2 place – 6 points.

3 place – 4 points.

Participation – 2 points.
	Theoretical control – 30 points.
Practical skills –50 points.


Note: 
The maximum point that can be gained in the module is 200. Of them:
112 points - total for all thematic lessons (4 points for each of 28 lessons).
8 points - individual work (assembly of natural specimens , participation in competitions of scientific reports, olympiads).
80 points – for passing the final control (20 points for computer testing and 60 points for practical skills).
The lowest score in the module is 106 points. Of them:
56 points - for current progress (2 points for each of 28 lessons)
50 points – for final control (sum of points for the computer testing and practical skills).

II. extended thematic plan of lectures
(Items for discussion)
MODULE 3
Anatomy of the nervous system and sense organs 
Theme 16.  Introduction to neurology. Spinal cord.
1. Modern definition of the notion «nervous system».
2. Phylo- and ontogenesis of the nervous system. 
3. Methods of research of the nervous system.
4. The research of the nervous system at the Human Anatomy department of CSMU (scientific efforts of the researchers of the department).
5. Histological structure of nervous tissue; Functional and morphological classification of neurons including their localization; notion and function of glial cells; hematoencephalic (blood-brain) barrier.
6. Anatomic and morphological classifications of the nervous system; its anatomic formations (plexus, ganglions, nerves).
7. Spinal cord: anatomical and histological structure.
8. Spinal segment, the notion of segmental apparatus; the two-way communication with the brain (over-segmental device).
9. Meninges and inter-meningeal spaces of the spinal cord; cerebrospinal fluid- functions and localization.
10. Clinical manifestations of spinal cord lesions, methods of diagnosis. The notion of paralysis (plegia) paresis, radiculitis, neuritis.
Theme 17. Review of brain. The brainstem and cerebellum. Reticular formation.
1.
Ontogenesis of cerebrum.
2.
Anatomic classification of cerebrum.
3.
Anatomic description of structures of the brainstem part of the cerebrum (medulla oblongata, pons, mesencephalon and diencephalon).
4.
Morpho-functional description and histological structure of brainstem (nuclei, conducting tracts).
5.
Concept of reticular formation.
6.
Anatomical and histological description of cerebellum, its functions.
7.
Relief of rhomboid fossa. Projection of cranial nerves nuclei.
      8.    Clinical manifestation of brainstem lesions.
Theme 18. Telencephalon - dynamic localization of functions in the cortex; Meninges of brain. Pathways of cerebrospinal fluid circulation; Limbic system.
1.
Ontogenesis of telencephalon.
2.
Anatomic description of cerebrum hemispheres (localization of sulci and gyruses on the cortex surface).
3.
Basal ganglions of cerebral hemispheres.
4.
Histological picture of cerebral cortex.
5.
Localization of cortex analyzers of the 1st and the 2nd alarm systems. Clinical presentations of analyzers’ cortical ends affection. 
6.
Rhinencephalon. Concept of limbic system.
7.
Ventricles of the brain and their connection.
8.
Meninges and inter-meningeal spaces of the brain.
9.
Origin and circulation pathways of cerebrospinal fluid.
10.
Blood supply and venous outflow of the brain (general principles).
Theme 19. Conducting tracts of brain and spinal cord.
1.
Ontogenesis of regulatory mechanisms of nervous activity.
2.
Concept of reflex arch.
3.
Definition of a term «conducting tract».
4.
Classification of conducting tracts.
5.
Morpho-functional description of associative and comissural conducting tracts.
6.
General principles of structure and function of afferent (sensible) tracts.
7.
Localization of the II neurons of ascending tracts.
8.
Concept of the pyramidal and extrapyramidal systems.
9.
General principles of structure and function of efferent (motor) tracts.
10.
Localization of conducting tracts in internal capsule and brainstem, funiculi of spinal cord. Derivates of conducting tracts (loops, decussations).
11.
Clinical lesions of conducting system, their signs.
Theme 20. Functional anatomy of sense organs. Conducting tracts of special sense.
1.
An ontogenetic functional role of sense organs in human activity.
2.
Anatomic structure of eye (eyeball and auxiliary apparatus). Drainage of tear and aqueous humor.
3.
Visual analyzer.
4.
Anatomic structure of the ear (external, middle and internal ear). Drainage of peri- and endolymph.
5.
Chart of transmission of voice vibrations. Auditory and vestibular analyzers.
6.
Taste analyzer.
7.
Olfactory analyzer.
8.
Clinical manifestations of partial senses organs lesions.
Theme 21. Functional anatomy of peripheral part of the somatic nervous system. Spinal nerves. 
1.
Ontogenesis of the peripheral nervous system.
2.
Anatomic parts of the peripheral somatic nervous system.
3.
Development and structure of the spinal nerves, principles of innervation.
4.
Development, topography, branches and areas of innervation of somatic plexus (cervical, brachial, lumbar, sacro-coccygeal).
5.
Plan of description of spinal nerves.
6.
Clinical symptoms of spinal nerves and their branches lesions.
Theme 22. Cranial nerves.
1.
Development and structure of cranial nerves, principles of innervation.
2.
Classification of cranial nerves.
3.
Nuclei of cranial nerves, their projection to rhomboid fossa and brainstem.
4.
Areas of innervation of cranial nerves.
5.
Clinical symptoms of cranial nerves lesions.
6.
Plan of cranial nerves description.
Theme 23. Review of the autonomic (vegetative) nervous system.
1.
Definition of the term «vegetative nervous system», its functions.
2.
Morpho-functional description of central suprasegmental and segmental centers.
3.
Peripheral part of the vegetative nervous system (ganglions, plexus, nerves).
4.
Differences between somatic and vegetative parts of the human nervous system.
5.
Definition of the term «sympathetic nervous system» and its function.
6.
Definition of the term «parasympathetic nervous system» and its function.
7.
Concept of methasympathetic nervous system.
8.
Differences between sympathetic and parasympathetic parts of the vegetative nervous system.
9.
Clinical manifestations of vegetative disorders (characteristic signs).
Theme 24. Vegetative innervation of organs.
1.
Regulation levels of functional activity of organs, systems, organism (spinal reflex arch, subcortex and cortex centers, pyramidal and extrapyramidal systems).
2.
General principles of somatic-vegetative innervation of organs (somatic and vegetative reflex arches).
3.
Sympathetic trunk. Description of its main branches.
4.
General principles of sympathetic innervation of internal organs of head, neck, pectoral, abdominal and pelvic cavities.
5.
Sympathetic plexus of abdominal cavity.
6.
Trophic innervation of muscles of the trunk.
7.
General principles of parasympathetic innervation of organs.
8.
Cranial parasympathetic ganglions.
9.
Diagnostics of vegetative disorders.
Theme 25. Anatomical and topographical principles of the blood supply and innervation of the human body.
1.
General principles of blood supply of organism of the human body.
2.
General principles of venous outflow.
3.
General principles of lymphatic outflow.
4.
General principles of somatic innervation of the human body.
5.
General principles of vegetative innervation of the human body.
III. THEMATIC PLAN FOR PRACTICAL LESSONS
MODULE 3
Anatomy of the nervous system and sense organs
Semantic module 13. Introduction to neurology. Anatomy of spinal cord

Theme 1. Anatomy of spinal cord; Meninges of the spinal cord; Intermeningeal spaces. 
Semantic module 14. Anatomy of cerebrum
Theme 2. Review of cerebrum. Anatomy of medulla oblongata and pons.
Theme 3. Anatomy of cerebellum. IV ventricle. Rhomboid fossa.
Theme 4. Anatomy of mesencephalon and diencephalon.
Theme 5. Telencephalon. Relief of pallium. Localization of functions in the cortex of hemispheres. Meninges of the cerebrum and their derivates.
Theme 6. Basal ganglia. White matter of hemispheres. Internal capsule. Lateral ventricles. Rhinencephalon. Limbic system. Production and drainage of the cerebrospinal fluid. 
Theme 7. Classification of conducting tracts of the head and spinal cord. Ascending tracts.
Theme 8. Descending conducting tracts of the head and spinal cord.
Semantic module 15. Anatomy of sense organs.
Theme 9. Anatomy of sense organs. Skin and its derivates. Organs of taste and olfaction. 
Theme 10. Organ of vision; pathway of visual analyzer.
Theme 11. Anatomy of organs of hearing and balance. Conducting  tracts of hearing and balance.
Theme 12. Consolidation of practical skills and generalization of material on anatomy of CNS and sense organs. Objective test.
Semantic module 16. Peripheral nerves
Theme 13. Morphology of peripheral part of the somatic nervous system. Spinal nerve, its branches. Anterior branches of thoracic nerves. Cervical plexus. 
Theme 14. Brachial plexus.
Theme 15. Lumbar and sacro-coccygeal plexus.
Theme 16. Review of cranial nerves. General description. Olfactory, visual, oculomotor, block and abducent nerves. 
Theme 17. Trigeminal nerve. 1st and 2nd  branches of trigeminal nerve. 
Theme 18. 3rd branch of trigeminal nerve. Facial nerve.
Theme 19. Vestibulo-cochleal and glossopharyngeal nerves.
Theme 20. Vagus, accessory and hypoglossal nerves.
Semantic module 17. Vegetative nervous system
Theme 21. Review of the vegetative nervous system. Sympathetic and parasympathetic parts, their central part.
Theme 22. Peripheral part of the vegetative nervous system. Sympathetic trunk. Vegetative ganglia of the head. Vegetative innervation of organs.
Theme 23. Consolidation of practical skills and generalization of material on the peripheral part of the nervous system. Objective test.
Semantic module 18. Anatomical and topographic principles of blood supply and innervation of the human body.
Theme 24. Consolidation of practical skills and generalization of material on blood supply, venous and lymphatic outflow and innervation of tissues and organs of head and neck. 
      Theme 25. Consolidation of practical skills and generalization of material on blood supply, venous and lymphatic outflow and innervation of tissues of thoracic wall, organs of thoracic cavity and upper limbs. 
Theme 26. Consolidation of practical skills and generalization of material on blood supply, venous and lymphatic outflow and innervation of abdominal  wall tissues and organs of abdominal cavity.
Theme 27. Consolidation of practical skills and generalization of material on blood supply, venous and lymphatic outflow and innervation of tissues of pelvic walls and organs, lower limbs.
      Theme 28. Consolidation of practical skills on anatomical-topographical principles of blood supply, venous, lymphatic outflow and innervation of all organs, limbs and walls of cavities. Module test control.
Theme 29. Final control of mastering of the third module. Module test control.
Guidelines for themes 12, 24, 28 of the present edition include the questions for final module interview on mastering the theoretical knowledge, practical skills and ability to demonstrate natural anatomic specimens . 
The standardized test tasks (tests, clinical situations) may be obtained from the department manuals. Electronic versions are available in the computer center of the department or web-site: www.siteanatomy.narod.ru/english 

IV. methodical recommendations 
for practical CLASSES preparation.
Introduction to the nervous system.
description of PARTS of the nervous system. Classification of the nervous system. Neuron.
Topicality of the theme.
The nervous system is one of the main integrating elements of all life. It coordinates and puts in order all the processes in the body, and at the same time fulfils the two-way communication with external environment. Any chemical, physical and mechanical influences to some extent affect the structure and functions of the nervous system. Consequently, imbalance in these ties can result in different diseases. Obviously, knowledge of anatomy of the nervous system is extremely necessary for a practicing doctor and scientist-biologist.
Purpose of training.
To obtain the general knowledge on structure and functions of the nervous system, patterns of its development. To familiarize and master skills in dissection of parts and separate elements of the nervous system.
Self-dependent work.
Main theoretical aspects of theme.
The nervous system is the system of organs, carrying out the interaction of the body with the external environment and regulating the internal body processes.
It is necessary to give the classification of the nervous system. 
1. Related to function: 
Somatic: innervating skeletal musculature, sense-organs;
Vegetative (autonomous):  innervating organs which smooth muscular tissue or glandular epithelium in structure.
2. Related to topography: 
Central (brain and spinal cord);
Peripheral (nervous receptors, fibers, nerves, ganglions, plexus).
To study general principle of the nervous system structure.
To remember that basic structural components of nervous tissue are nervous cells (neurons) and neuroglia. Neurons accomplish the main properties of nervous tissue – excitability and conductivity. The neuroglia provides the conditions for survival and functional activity of neurons, i.e. fulfils supporting, protective, trophic and secretory functions.
Neurons. As any cell, neuron has a cellular body (pericarion), and its specific feature is the presence of specialized processes. 
Processes of neurons are thin thread-like cytoplasm protrusions. According to their functions they are divided into two groups: axons and dendrites.
An axon (from Greek  ахоп -an ax), or neurit, executes the function of passing the nervous impulse away from the cell body. Axon ends with a terminal on the other neuron or on cells of working organ. Any nervous cell has only one axon. 
A dendrite (from Greek  dendron - a tree) conducts nervous impulse towards the cell body. Mostly, these processes are well branched. The amount, length and type of branching dendrites are specific for the different types of neurons. Usually dendrites branch once or twice dichotomically.
Functional neuroanatomy uses two classifications of neurons:
I. Morphological classification according to the number of processes: 
• Unipolar neurons are cells with one process.
• Bipolar neurons are cells with two processes. Axon and dendrite usually originate from the opposite poles of the cell body. Examples of typical bipolar cells in the human nervous system are the neurons of the eyeball retina, vestibular and spiral neuroganglions. 
• Pseudounipolar neurons are types of bipolar neurons. Axon and dendrite of these neurons arise from the cell body as common cytoplasm protrusion further dividing Т-shapely. Pseudounipolar neurons are revealed in spinal and cranial sensory neuroganglions. 
• Multipolar neurons are cells with three or more processes, one of which is the axon. The others are dendrites. These neurons are the most widespread cells in human nervous system. 
2.Functional classification of neurons:
•The sensory (afferent, receptive, or first neurons) generate nervous impulses caused by irritants. According to structure, sensible neurons are pseudounipolar cells (seldom – typical bipolar ones). Their dendrite is called a peripheral process, forming receptors.
Three types of receptors are distinguished:
- extroreceptors, perceiving irritations from external environment;
- introreceptors, located in the internal organs;
- proprioreceptors, located in locomotor system (muscles, joints and ligaments).
Axon of sensitive neuron is called the central process, because it serves for conduction of excitation to CNS.
•Associative neurons (intermediate neurons, interneurons) are the most widespread cells of the nervous system, connecting neurons. According to their structure they belong to multipolar neurons.
•Motor  neurons (efferent, effector, motoneurons) pass the nervous impulse to working organ. 
•Neurosecretory neurons are cells with an endocrine function (in hypothalamus).

To show on the charts the anatomic structure of neuron and its connection with other neurons. 
To understand, that the activity of the nervous system is based on reflex. Connection between organs is accomplished by neurons in a reflex arc that is the morphologic basis of reflex.
A simple reflex arc consists of at least of 2 neurons (sensible and motor). Very often the simple reflex arc includes also the third intercalated neuron.
The entire nervous system represents a majority of analyzers, each of which consists of three kinds of elements that are functionally related:
- receptor (perceptor) transforms the energy of external irritation into nervous impulse; it is connected with the afferent (centripetal, or receptive) neuron, spreading the excitation to the center.
- conductor (communicator, linker), intercalated or associative neuron, switching on the excitation from a centripetal neuron to centrifugal one.
- efferent (centrifugal) neuron, carrying out a response reaction (motor or secretory) because of condaction the nerve excitation from the center to periphery to effector. Effector is а termination of efferent neuron, transmitting the nervous impulse to the working organ (muscles, glands).
Neuroglia. A neuroglia (from Greek neuron- nerve, and glia- glue) is an aggregate of glial cells (gliocytes). The neuroglia is subdivided into macroglia and microglia. Macroglia includes astrocytal glia (astrocytes, astroglia), oligodendroglia (oligodendrocytes) and ependymal glia (ependymocytes), which are derivatives of the neural plate.
Ependymocytes cover the cavities of cerebral ventricles and spinal cord canal. 
Astrocytes (from Greek astron - star, cytos - cell) are revealed in all departments of the nervous system. Astrocytes are subdivided into two groups: protoplasmic and fibred. Protoplasmic astrocytes are located mainly in the grey matter of CNS. Fibred astrocytes are disposed mainly in white matter. The general functions of astroglia are supportive, metabolic, barrier and protective. 
Oligodendrocytes (from Greek oligo – little, dendron - tree, суtos- cell) surround the bodies of neurons, are included into fibers and nervous terminals. They are present in grey and white matter of CNS, and also in the peripheral nervous system. 
Microgliocytes are small starry cells, located mainly along the vessels. Unlike the cells of macroglia, they have a mesenchymal origin and belong to the monocyte-macrophage system. The basic function of microgliocytes is protection.
To explain the stages of phylo- and ontogenetic development of peripheral and central departments of the nervous system related to formation of its supporting (glia) and functional (grey and white matter) parts.
PHYLOGENESIS OF NERVOUS SYSTEM
Stages:  cellular, diffuse, weblike, ganglionic, truncal.
ONTOGENESIS OF CNS
The nervous system starts to develop in the early stages (the end of 2 week) of embryonic period. On the dorsal surface of the embryo body from the outer embryonic sheet –ectoderm, a nervous plate appears. The neural bud is the source of development of nervous tissue. At the isolation of neural bud (neurulation) the neural tube, neural  crest and neural placodes are forming .
By the 18th -21st days of embryonic development, the nervous plate develops into a nervous groove. 
On the 22nd day, the nervous groove transforms to a neural tube and separates from the ectoderm. 
Between the 24th and 26th days of embryonic development the edges of the neural tube fuse. The neurons and neuroglia of the brain and spinal cord are derivatives of the neural tube. During the fusion of the edges of the neural tube, a neural crest (ganglionic plate) is isolated. The cells of the neural crest migrate, forming neurons (from neuroblasts) and glia (from spongioblasts) of sensible and vegetative neuroganglions, cells of medulla of adrenal glands, diffuse endocrine system and various other derivates. On both sides of the neural tube in the cranial part of the embryo, there are thickened parts of the ectoderm named placode. Their derivates are receptor and supporting cells of organs of hearing, balance and taste. The cranial end of this tube transforms into the brain and the remaining part into the spinal cord. 
semantic module 13
introduction to neurology
anatomy of spinal cord
theme 1
ANATOMY of SPINAL cord. meninges of spinal cord, 
intermeningeal SPACES
Items for discussion.
Topography and boundaries of the spinal cord. External structure of spinal cord (surfaces, fissures, fasciculi, bulges). Internal structure of spinal cord: central canal, grey and white matter. Structure of the dorsal, lateral and ventral horns of the spinal cord. White matter: composition of dorsal, lateral and ventral columns of spinal cord. Segmental structure of spinal cord. Segmental apparatus. Sensible ganglion of spinal nerve. Ventral and Dorsal roots of spinal nerve. Meninges of spinal cord. Intermeningeal spaces.
Topicality of a theme.
Trauma of the spine, spinal cord and spinal radices are the heaviest and most widespread in man and make up to 5% of all damages. Knowledge of structure and function of spinal cord, its segmental apparatus (reflex arc), carrying out unconditional reflex activity, is necessary for doctors of different specialties (traumatologists, neurosurgeons, vertebrologists and others) for the correct estimation of clinical manifestations and determination of the lesion foci in the nervous system. 
Purpose of training.
· To study structure of spinal cord using natural specimens , models and charts. This is a foundation for further study of such disciplines as neurology, neurosurgery and others. 
· To be able to find the outer anatomic formations of spinal cord and its structure on transverse section. 
· To study the function of nuclei, their localization. 
· To know the practical application.
The student should know:
1. Latin terminology of this theme.
2. Phylo- and ontogenesis of the nervous system.
3. Topography and external structure of spinal cord.
4. Internal structure of spinal cord: structure of grey matter, topography of conducting pathways in white matter. 
5. Definition of spinal segment, structure of simple reflex arc.
6. Meninges of spinal cord, intermeningeal spaces and their importance.
The student should be able:
1. To name and show surfaces, fissures, radicis and nuclei of spinal cord.
2. To name and show the horns of spinal cord (grey matter) and columns (white matter) on transverse section and name their function.
3. To name and show the meninges of spinal cord.
4. To name and show the bulges of spinal cord, cauda equina, filum terminale.
Questions of initial level:
1. Definition and functions of the nervous system.
2. Classification of the nervous system.
3. Phylo- and onto- genesis of the nervous system.
4. Morphologic and functional classification of neurons, their structure.
Renewal of basic knowledge obtained from themes and disciplines studied earlier
	Discipline
	Student must know
	Student must be able 

	Anatomy: Osteology
	1.Structure of vertebral column in general
	1.To show anatomical formations of vertebral column

	Histology
	1.Histologic structure of nervous tissue
	1.To show parts of the nervous system on charts
2.To show parts of neurons and types of their connections

	
	2.Ontogenesis of the nervous system
	1.To name general stages of ontogenesis of CNS

	Biology
	1.Phylogenesis of the nervous system
	1.To name general stages of phylogenesis of CNS


Equipment for the lesson: spinal cord, skeleton.
The program of independent work
Main theoretical aspects (questions) of theme.
To learn topography, external and internal structure of spinal cord on cadaver material and preparation. The spinal cord, medulla spinalis, is located in vertebral canal. It begins at the level of the first cervical vertebra and ends at the level of the second lumbar vertebra.
External structure. The peculiarities of external structure include the followings structural formations:
• Cervical bulge, intumescentia cervicalis, projected on the level of C3 – Th2. 
• Lumbar-sacral bulge, intumescentia lumbosacralis, located on the level of Th12 – L2. 
• Medullar cone, conus medullaris, is a caudal end of spinal cord, located on the level of L1-2.
• The terminal filament, filum terminale, is closed in the periosteum of coccygeal vertebrae. 
• Anterior middle fissure, fissura mediana anterior, is a deep longitudinal one on the anterior surface of the spinal cord.
• Posterior median sulcus, sulcus medianus posterior, is the less expressed longitudinal furrow on its posterior surface. 
(The anterior median fissure and posterior midline sulcus divide the spinal cord into two symmetric halves.) 
•Posterior lateral sulcus, sulcus posteriolateralis, passes parallel to the posterior median sulcus.
•Posterior root filaments, fila radicularia posteriores, enter into posterior lateral sulcus (in general it is a dorsal root) - sensible; 
•Anterior lateral sulcus, sulcus anteriolateralis, passes parallel to the anterior median sulcus.
•Anterior root filaments, fila radicularia anteriores, go out from the anterior lateral sulcus (in general it is a ventral root) - motor. 
•The spinal ganglion, ganglion spinale, is a small bulge on the dorsal root, formed by the cell bodies of pseudounipolar sensory neurons.
•The spinal nerve, nervus spinalis, is formed by fusion of ventral and dorsal roots. Every spinal nerve exits from vertebral canal through its intervertebral foramen.
The spinal cord consists of 31 spinal segments. 
The spinal segment is a part of spinal cord with the roots, forming one pair of spinal nerves. 
The followings segments are distinguished: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal.
As the length of the spinal cord is less than that of the vertebral canal, its segments lie a bit higher than the corresponding vertebrae. This disparity between segments and vertebrae varies on different levels and is most significant in the lower part of the spinal cord. 
Below the second lumbar vertebra there are only the roots of lumbar and sacral nerves in the vertebral canal. They pass almost parallel to the longitudinal axis of the spinal cord, so that the medullar cone and terminal filum locate among the thick bunch of nervous roots, and are called cauda equina (horse tail).
Internal structure. On the transverse section of the spinal cord the grey matter which surrounds the central canal is represented by pairs of ventral, dorsal and lateral horns (C8–L2), which form continuous columns (columnae griseae), along the spinal cord. The horns of grey matter of both halves of the spinal cord unite by anterior grey comissure and posterior grey comissure, in front of which there is the anterior white comissure.
In the grey matter of spinal cord the neural cell bodies, similar in structure and function, unite, forming nuclei. In the ventral horn there is a group of the so-called motor nuclei which consist mostly of motoneurons (large multipolar neurons). Axons of motoneurons leave the spinal cord as part of the ventral roots, then join the mixed spinal nerves and move towards somatic muscles. 6 nuclei of ventral horn are named according to position: anterormedial, posterormedial, anterorlateral, posterorlateral, central and retrocentral.
The nuclei of the dorsal horn are formed mostly by intercalated neurons and include:
• gelatinose substanse, substantia gelatinosa, - formed by the bodies of associative neurons of anterior spinothalamic tract;
•proper nuclei, nuclei proprii, – formed by the bodies of associative neurons of lateral spinothalamic tract;
•thoracic nucleus, nucleus thoracicus (column of Klark–Shtilling, colunma Stilling–Clarke) (C8–L2), – is formed by the cell bodies of associative neurons of posterior spinocerebellar tract;
•spongy zone, zona spongiosa, - so named because of the presence of a large loop glial network, containing nervous cells;
•central intermediate substance, substantia intermedia centralis, - the processes of its cells participate in formation of spinocerebellar tract.
In the intermediate area of grey matter there are:
•lateral intermediate nucleus, nucleus intermediolateralis (C8-L2) which is the center of the sympathetic nervous system; 
•medial intermediate nucleus, nucleus intermediomedialis, – is formed by the cell bodies of associative neurons of anterior spinocerebellar tract.
The white matter of spinal cord is surrounded by the grey matter and divided into symmetric anterior, lateral and posterior funiculi, funiculus anterior, lateralis et posterior. The white matter is formed by myelinated nervous fibres which form conducting pathways. 
There are descending (motor, efferent) and ascending (sensible, afferent) pathways (tracts). The afferent pathways of Goll and Burdakh are disposed in the dorsal funiculi. The efferent anterior pyramid, tectospinal and vestibularspinal tracts pass in ventral funiculi.  Both afferent and efferent conducting tracts pass in the lateral funiculi.

Meninges of the spinal cord. The spinal cord is surrounded by the following meninges: spinalis,  arachnoid, arachnoidea spinalis , and pia mater spinalis. The dura mater is formed by dense connective tissue and forms a spacious sack which extends from the level of the foramen magnum to the second sacral vertebra. Between the dura mater of spinal cord and the wall of vertebral canal there is the epidural space, cavitas epiduralis, filled with loose connective tissue and adipose tissue, containing a large number of lymphatic vessels and dense venous network. The internal surface of dura mater is separated from the arachnoid one by the capillary subdural space, spatium subdurale. The thin unvascularized arachnoid meninge lies between dura mater and pia mater and is separated from the latter by the subarachnoid space, cavitas subarachnoidalis, in which cerebrospinal fluid circulates. With the help of the dentate ligament this cavity is divided into anterior and posterior parts. The pia mater adjoins the spinal cord and fuses to it. It consists of two sheets with the so-called interpial space between them where the blood vessels are disposed.
Questions of final control:
1. Topography and anatomic structure of the spinal cord.
2. Internal structure of the spinal cord, structure of grey matter and topography of conducting tracts in white matter. 
3. Structure of spinal segment. Skeletotopy of segments.
4. Structure simple and complex reflex arc.
5. Meninges of the spinal cord, intermeningeal spaces and their content.
Program of Independent work.
Write a abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the charts of the transverse section of the spinal cord, two and three-neuronal reflex arcs.
	Segments
	Vertebrae

	C1- C4
	C1- C4

	C5- Th4
	C4- Th3

	Th5- Th8
	Th3- Th6

	Th9- Th12
	Th6- Th9

	L1- L5
	Th10- Th12

	S1- Co1
	Th12- L2


	Educational tasks
	Exact items

	1. To study the external structure of the spinal cord.
	1. To find the bulges of the spinal cord.

2. To find the fissures and sulci of the spinal cord.
3. To find the roots and ganglia of the spinal cord.

4. To find “cauda equina”, filum terminale.

	2.To study the internal structure of the spinal cord (on the transverse section)
	1. To find the grey matter (ventral, lateral and dorsal horns).
2. To find the white matter.

3. To give the definition of spinal segment.

	1. To study the meninges of the spinal cord.
	1. To find dura mater.
2. To find pia mater.

3. To find arachnoid mater.

	1. To study the intermeningeal spaces of the spinal cord.
	1. To find all intermeningeal spaces of the spinal cord.

	1. To study the structure of reflex arch.
	1. Using the charts to study the simple and complex reflex arc (its afferent, intercalated and efferent parts)
2. To associate these structures with the receiving, processing and management of information.


semantic module 14
anatomy of the brain
theme 2 
Review of the brain
ANATOMY of Myelencephalon And pons.
Items for discussion
Embryonic development of brain: stages of three and five cerebral vesicles and their derivates. Divisions of brain: telencephalon, cerebellum, pons. Classification of divisions of brain related to their development. Myelencephalon: boundaries, external structure. Internal structure: grey and white matter. Pons: external structure. Internal structure: grey and white matter.
Topicality of a theme.
Craniocerebral traumas with the damage of brain matter, innate and acquired diseases are among the severe pathologies of CNS, resulting in high lethality, disability, decline of working ability and to posttraumatic complications, such as traumatic epilepsy, motor lesions, trepanation syndrome, defects of skull roof, liquorrhea, different cerebral-vascular lesions and others. It is therefore necessary to study embryonic development, phylogeny and anatomy of brain, that will help clinicians (neurosurgeons, neurologists, interns, traumatologists) to provide highly specific help to the patients.
Purpose of training.
To understand that brain development is carried on under the influence of receptor development. To learn to determine the surfaces of hemispheres, parts of brain, place of exit of the 12 pairs of cranial nerves on natural specimens . To study the external and internal structure of the myelencephalon and pons as well as the localization and function of their nuclei. To ascertain the practical importance.
The student should  know:
1. Latin terminology of this theme.
2. Phylo- and onto- genesis of the nervous system.
3. Stages of 3rd and 5th   cerebral vesicles. 
4. Derivates of cerebral vesicles. Parts of the brain.
5. Anatomic description of brain base structures.
6. Places of exit of 12 pairs of cranial nerves on the base of brain . 
7. Anatomic description of structures on the medial surface of the brain.
8. Anatomic location of myelencephalon, its internal (grey and white matter) and external structure.
9. Anatomic location of pons, its internal (grey and white matter) and external structure.
10. Concept of reticular formation, its localization, and functions.
The student should be able:
1. To show the divisions of brain: brainstem, hemispheres, cerebellum. 
2. To show the places of exit of cranial nerves on the brain basis.
3. To show the derivates of cerebral vesicles. 
4. To show and name the structures of basis and medial surface of brain.
5. To show the boundaries of myelencephalon, its ventral and dorsal surface, pyramids, olives.
6. To show anatomic structures of myelencephalon.
7. To show the boundaries of pons.
8. To be well-versed in histological structure of grey and white matter of pons.
Questions of initial level:
1. Topography and anatomic structure of spinal cord.
2. Internal structure of spinal cord, structure of grey matter and topography of conducting tracts in white matter. 
3. Structure of spinal segment. Skeletotopy of segments.
4. Structure simple and coplex reflex arc.
5. Meninges of the spinal cord, intermeningeal spaces and their content.
Recollection of general knowledge based on studied themes and disciplines.
Equipment for the lesson: skeleton, skull, brain, brainstem, sagittal section of brain, sections of medulla oblongata at the level of Goll and Burdakh nuclei and olives, sections of pons.
	Discipline
	Student should know
	Student should be able

	Anatomy:

craniology
	1. Structure of the skull basis
	1. To show anatomic formations of the internal basis of  skull

	
	2. Structure and boundaries of anterior, medial and posterior cranial fossae.
	2. To show the boundaries of of anterior, medial and posterior cranial fossas.

	
	3.Structure of basillar part of occipital bone.
	3. To be able to show clivus.

	Histology:
embryology
	1. Onthogeny of the nervous system.
	1. To name the general stages of onthogeny of the central nervous system.


Self-dependent work.
The main theoretical aspects (questions) of the theme.
To show the neural tube formation in phylogenesis using charts. To demonstrate that cephalization of its anterior end develops within stages of three and five cerebral vesicles.
On the third week of embryonic development three primary cerebral vesicles: anterior, middle and posterior appear in the cranial part of neural tube, from which the main divisions of the brain develop: forebrain (prosencephalon), midbrain (теsencephalon) and hindbrain (rhombencephalon). Further forebrain and hindbrain are divided each into two parts, resulting in emerge of five cerebral vesicles on the 4–5 weeks of gestation: 
• hemispheres (telencephalon); 
• diencephalon (diencephalon);
• midbrain (mesencephalon);
• pons and cerebellum (metencephalon);
• medulla oblongata (myelencephalon).
From these five cerebral vesicles the parts of the developed brain with the corresponding names appear.
The cerebral ventricles and the channel of the spinal cord are formed from the cavities of cerebral vesicles and neural tube. The cerebrospinal fluid circulates in ventricles and spinal channel.
By the third month of embryonic development all the general parts of CNS are developed: cerebral hemispheres, brainstem, cerebral ventricles,spinal cord. By the fifth month the general sulci of brain hemispheres are differentiated. 
To study the derivates of cerebral vesicles on brain natural specimens . To show the relief of medial surface of hemispheres, its components (sulci and gyruses, structure of corpus collosum).
Brain with surrounding meninges are located in the cavity of neurocranium. The superorlateral surface of brain corresponds in shape to a concave surface of skullcap. The lower surface – the brain basis has complex relief, congruent to the cranial fossae of the inner skull base.
The brain weight of the grown up varies from 1100 to 2000 grams. Within age 20-60, the weight and volume of brain remain maximal and permanent for each individual.
The general parts of brain: hemispheres, brainstem and cerebellum. The hemispheres are separated by deep vertical fissure, fissura longitudinalis cerebri. The transverse fissure, fissura transversa cerebri, separates the cerebrum from the lower lying cerebellum cerebellum. The surfaces of the hemispheres are carved by  sulci cerebri, with gyri cerebri  located between them.
The ventral (inferior) surface is called brain base.
It’s possible to see the followings structures starting from the frontal pole to the occipital one:
•Olfactory bulb, bulbus olfactorius.
•Olfactory tract, tractus olfactorius.
•Olfactory triangle, trigonum olfactorium, which is bounded by external and internal olfactory strips, striae olfactoriae medialis et lateralis.
•Decussation of visual nerves, chiasma opticum. In front of the decussation there are visual nerves, nn. optici, and behind it- visual pathways, tractus opticus.
•Anterior perforated matter, subsfantia perforata anterior, located on both sides from the decussation and visual tracts.
•Grey tuber, tuber cinereum, which stretches as a sprout, remaining a funnel, infundibulum;  the brain base joins with  hypophysis, hypophysis with its help.
•Crura of brain, crus cerebri, are on the right and on the left of the grey tuber.
•Mammillary bodies, corpora mamillaria, lie behind a grey tuber.
•Interpeduncular fossa, fossa interpeduncularis, occupies the space between the cerebral peduncles and posterior to mammillary bodies .
•Posterior perforated substance, substantia perforata posterior, forms the floor of the interpeduncular fossa.
•Pons, pons Varolii, has the sulcus located in the middle, sulcus basilaris. The outer part of pons in lateral direction becomes narrow and insert into cerebellum forming its middle peduncles.
•The medulla oblongata, medulla oblongata, lies behind the pons. The anterior medial fissure passes along the midline of myelencephalon, bounded on sides by white bulge, pyramid. Outside the pyramid there is an oval thickening- the olive.
On the base of brain the roots of 12 pairs of cranial nerves are seen:
•Olfactory nerve, пn olfactorii (I). The first pair of cranial nerves is made of the central processes of olfactory cells, the so-called olfactory filaments, fila olfactoria located in the mucous membrane of nasal cavity. They get to the cranial cavity through the cribriform plate of the ethmoid bone and come up to the olfactory bulb.
•Optic nerve, n. opticus (II), forms a optic decussation, chiasma opticum, with the the same nerve of the opposite side, and after that is called tractus opticus.
•Oculomotor nerve, n. oculomotorius (III), goes out on the internal surface of brain legs from the same sulcus.
•Trochlear nerve, n. trochlearis (IV), goes out from the superior medullary velum and appears on the base laterally the brain crura.
• trigeminal nerve, n. trigeminus (V), lies at the anterior edge of pons varolii, on the border with the middle cerebellar peduncles (linea trigeminofacialis). Represented by two roots: thin – motor and thick – sensory.
•Abducent nerve, n. abducens (VI), exits from the border of back edge of pons and pyramid of medulla oblongata.
•Facial nerve, n. facialis (VII), is between the back edge of pons and olive, in the so-called ponto-cerebellar corner (linea trigeminofacialis).
•Vestibularcochlear nerve, n.vestibulocochlearis (VIII), lies in the ponto-cerebellar corner laterally from the facial nerve.
•Glossopharyngeal nerve, n glossopharyngeus (IX), 5–6 roots of this nerve lie behind olives.
•Vagus, n vagus (X), 10–12 roots of this nerve lie behind olives lower than previous pair.
•Accessory nerve, n accessorius (XI), exits by many roots on the lateral surface of medulla oblongata and cervical part of spinal cord.
•Hypoglossal nerve, n. hypoglossus (XII), appears on the brain base between pyramid and olive.
During demonstration of entire specimens  of medulla oblongata and its cuts, it’s necessary to show it’s external and internal structure (grey and white matter), the boundaries, name centers, their function. 

MYELENCEPHALON
External structure. In medulla oblongata there are ventral, dorsal and lateral surfaces. On the ventral surface the back edge of pons of Varolii serves the upper boundary. The lower boundary is the place of  roots exit of the first pair of cervical spinal nerves.
Relief of ventral surface is made of the followings structures:
•Anterior median fissure.
Pyramid which is determined from every side from anterior middle fissure and formed by the fibers of corticospinal tract. The greater part of fibers of this tract passes the midline (decussatio pyramidorum) and further passes in the lateral funiculus of the opposite side of spinal cord.
•Oliva which is lateral to the pyramid.
•The roots of hypoglossal nerve are located between pyramid and olive.
•Anterior lateral sulcus, where the roots of the IX, X and XI pairs of cranial nerves are located.
The superior boundary of medulla oblongata on the dorsal surface is formed by the medullary striae of the fourth ventricle.
Relief of dorsal surface is made of the followings structures:
•Posterior median sulcus which is linked above by a thin cerebral sheet – obex. 
• Posterior intermediate sulcus separates gracile and cuneate fascicules ascending  from the spinal cord.
•Tubercles of gracile and cuneate nuclei are the ends of the related fasciculi. 

•Posterior lateral sulcus, bounds the cuneate fascicle laterally.
The lateral part of medulla oblongata, which is between anterior and posterior lateral sulci, proceeds into the inferior cerebellar peduncle.
Show the structure of grey and white matter, nuclei and their function using a sagittal section of the medulla oblongata. 
Inner structure.
 The grey matter of medulla oblongata is represented by the followings structures:
•Nuclei of cranial nerves:
- Motor nuclei of hypoglossal (XII) and accessory (XI) nerves.
- Motor, sensory somatic and parasympathetic nuclei of vagus (X) and glossopharyngeal (IX) nerves.
- Sensory nucleus of trigeminal nerve which is located along medulla oblongata and descends to the superior cervical segments of spinal cord.
• Nuclear complex of olives. These nuclei belong to the extrapyramidal system and are connected with cerebellum and spinal cord.
•Nuclei of gracile (Goll) and cuneate (Burdakh) fascicules, nucleus gracilis and nucleus cuneatus are located in the related tubercles of the dorsal surface of medulla oblongata. They are formed by the associative neurons bodies of ascending proprioceptive conducting tracts of cortical direction (Goll’s and Burdakh’s tracts). Axons of the second neurons exiting from the mentioned nuclei pass to the opposite side of medulla oblongata forming the medial lemniscus of the brainstem. The decussation of nervous fibres in the dorsal part of medulla oblongata is namsd the decussation of medial lemniscus (loop) or sensory decussation, decussatio lemniscorum.
• The reticular formation, formatio reticularis, is formed by interlacing of fibres going in different directions and nervous’ cell bodies between them which form separate cellular groups (nuclei of reticular formation). The reticular formation is located in dorsal part of medulla oblongata, pons, cerebral peduncle and extends up to caudal part of diencephalon. It is considered as rosral continuation of interneuronal networks of spinal cord which gradually becomes more intensive. Axons of reticular formation’s neurons descend to the spinal cord, ascend to the thalamic and hypothalamic parts of diencephalon and to the cortex of hemispheres.
The reticular formation is a polyfunctional structure. It is the inegrative center of the brainstem determining the direction and intensity of sensory information streams to the higher parts of the brain and also degree of descending influences to activity of spinal and brainstem neurons.
The reticular formation participates in regulation of reflex motor activity. 
The nuclei of the reticular formation compose the basic «centers of life-support» of brainstem, such as respiratory center and vasomotor center. The respiratory center of medulla oblongata is surrounded by nucl. solitarius and nucl. ambiguus. It consists of center of inhalation and center of exhalation. The «pneumotaxic» center (center of pneumotaxis – inhalation and exhalation) and «apnoe» center of (breath-holding) are located in the reticular formation of pons. «Pressor» and «depressor» vessel centers provide the reflex regulation of blood pressure; «accelerator» and «inhibitor» centers regulate frequency and strength of heart-beating.
The reticular formation participates in modulation of pain sense. It has been revealed that stimulation of certain areas of the reticular formation may considerably reduce or stop afferent impulse flow.
The reticular formation possesses the evident stimulating influence on activity of cortical  neurons  of hemispheres. The ascending tracts from the reticular formation effect to large fields of cortex. They’ve got the name «the second ascending system» or «ascending reticular activating system» unlike the «first ascending system», which includes the «lemniscal» tracts. The ascending reticular activating system is a system of polysynaptic tracts of non-specific impulses towards cortex associated with «awakening and motivation».
The white matter of medulla oblongata includes the conducting tracts of ascending and descending directions:
Descending conducting tracts:
•Tr. corticospinalis (pyramidalis) occupies ventral position from each side of the anterior middle fissure; makes the incomplete decussation  on the border with the spinal cord, which is named decussation of pyramids or motor decussation, decussatio pyramidum (decussatio motoria). 
Conducting tracts of the extrapyramidal system: tr. rubrospinalis, tr. tectospinalis, tr. vestibulospinalis, tr. reticulospinalis, tr. olivospinalis, fasciculus longituclinalis medialis.
Ascending conducting ways:
•Lemniscus medialis, medial loop, formed by axons of the second  neurons of conducting tracts  of proprio- and exteroceptive sense of the opposite side.
•Tr. spinothalamicus is a conducting tract of exteroceptive sense of cortical direction. In the area of brainstem gets the name of spinal loop, lemniscus spinalis. Up to thalamus, it accompanies the fibres of Lemniscus medialis and passes laterally from the conductive tracts of proprioceptive sense.
•Tr. spinocerebellaris ventralis (Gowers), anterior spinocerebellar tract - is a conducting pathway of a proprioceptive sense. It is located in the lateral part of medulla oblongata between the olive and inferior cerebellar peduncle. The fibers of the posterior spinocerebellar tract (Flechsig) leave medulla oblongata to enter the cortex of vermis as a part of inferior cerebellar peduncle.
Find the parts of the hindbrain using the charts and wet specimens. Show the boundaries, external and internal structure of the pons. Describe the structure of grey and white matters, functions of the pons.
PONS
The pons is located between the cerebral peduncle (above and in front) and medulla oblongata (below and behind).
External structure. 
The followings structures could be found on the ventral surface of pons:
•Bulbo-pontine fissure located between medulla oblongata and the lower edge of pons, where the roots of abducent nerve (VI) rest.
•Ponto-cerebellar angle (triangle) which lies between pons, medulla oblongata and cerebellum. The fibres of facial (VII) and vestibular-cochleal (VIII) nerves are located there.
•Trigemino-facial line connects the places of outlet of roots of trigeminal (V) and facial (VII) nerves and forms the lateral border of pons.
•Middle cerebellar peduncle lie laterally to trigemino-facial line.
•Basilar sulcus where the same name artery (a. basilaris) rests.
The dorsal part of pons takes part in formation of the rhomboid fossa which is the floor of the IV ventricle. The facial tubercle colliculus facialis could be found on the border of medulla oblongata and medullary striae of the fourth ventricle, stria medullaria which are the parts of auditory pathway.
Internal structure. 
The fibres of trapezoid body divide the pons into ventral, pars basilaris, and dorsal, pars dorsalis (tegmentum), parts.
In pars dorsalis pontis the grey matter is represented by:
the nuclei of cranial nerves:
•trigeminal (V) – motor and sensory somatic nuclei;
•abducens (VI) – motor somatic nucleus;
•facial (VII) – motor and sensory somatic and vegetative parasympathetic nuclei;
• vestibular-cochlear (VIII) - sensory nuclei.
In addition to that most dorsal position is occupied by the motor nucleus of abducent nerve. The nucleus of facial nerve is considerably more ventral. Fibres going out of the nucleus of the facial nerve, go upward, around the nucleus of abducent nerve forming genu of facial nerve, and turn in ventral direction again, exiting in ponto-cerebellar angle. The nuclei of trigeminal nerve are located outside and higher of the nucleus of the VII cranial nerve. Sensory nuclei of vestibule-cochlear nerve are at the border with medulla oblongata laterally to corpus trapezoideum.
The grey matter of the tegmen of pons is also formed by the numerous nuclei of reticular formation of the brainstem.
The white matter is the system of ascending and descending conducting tracts. Ascending tracts form:
• medial lemniscus, lemniscus medialis;
•spinal lemniscus, lemniscus spinalis;
• lateral lemniscus, lemniscus lateralis, (it is the continuation of fibres of corpus trapezoideum and makes the part of auditory tract).
Descending fibres are formed by the conducting tracts of the extrapyramidal system (fasciculus longitudinalis medialis, tr. tectospinalis, tr. reticulospinalis and other).
In pars ventralis pontis the grey matter is represented by the proper pontine nuclei, nuclei proprii pontis, which are formed by the cell bodies of associative neurons of conducting tracts between the cortex of hemispheres and cortex of cerebellum (tr. cortico-pontocerebellaris).
The white matter of ventral part of pons is made of longitudinal and transverse fibers, fibrae longitudinales and fibrae transversae. The longitudinal fibers include two parts of pyramid tract (tr. corticospinalis and tr. corticobulbaris) and cortico-pontine fibers, which connect the cortex of frontal, occipital and temporal lobes with the proper nuclei of pons (fibrae corticopontinae). The transverse fibers begin from the proper nuclei of pons and ascend to the middle cerebellar peduncle of the opposite side (fibrae ponto-cerebellares). Transverse fibers which are localized ventrally from the pyramidal tracts are called superficial, fibrae transversae superficiales, and lying dorsally – deep, fibrae transversae profundae.
Questions for final control:
1. What are the parts of brain developed from each of cerebral vesicles?
2. What are the anatomical structures of the base of brain?
3. What are the anatomical structures of medial surface of brain?
4. Where are the places of exit (entrance) of 12 pairs of cranial nerves from the brain?
5. Where are the places of exit (entrance) of 12 pairs of cranial nerves on the base of skull?
6. Describe the external and internal structure of medulla oblongata.
7. Describe topography, external and internal structure of pons.
8. Give the definition to reticular formation (its localization and functions).
Program of independent work.
Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of f medulla oblongata sectios at the level of Golls’ and Burdakhs’ nuclei and olives, frontal section of pons.
	Educational tasks
	Exact items

	1. To study the embryogenesis of brain
	1. Study the development of brain parts

	2. To study the anatomical structure of hemispheres
	1. To find the lobes and surfaces of hemispheres.

2. To find and show the anatomical structures of base of brain

3. To find and show places of 12 pairs of cranial nerves exit at the base of brain.

4. To find and show the anatomical structures on the medial surface of brain.

	3. To study the outer and inner structures of medulla oblongata
	1. To find and show the boundaries of medulla oblongata.

2. To find and show the ventral and dorsal surfaces and anatomical structures on it.

3. To name the centers of medulla oblongata and their functions.

	4. To study the outer structure of pons.
	1. To find, name and show the surfaces and boundaries of the ventral and dorsal surfaces of pons.

	5. To study the inner structure of pons.
	1. To find, name and show nuclei their location and functions

2. To name the tracts that pass through the ventral and dorsal surfaces of the pons.

	6. To study the structure and function of reticular formation.
	1. To show the location and name the functions of reticular formation.


theme 3

ANATOMY of CEREBELLUM. IV VENTRICLE

RHOMBOID FOSSA
Items for discussion
Cerebellum: topography, external structure. Internal structure: grey and white matter. Content of cerebellar peduncles. Rhomboid fossa: development, boundaries, relief. Projection of cranial nerves’ nuclei to the surface of the rhomboid fossa. Fourth ventricle: walls, connections.
Topicality of the theme
A cerebellum is the organ of adaptation of the body to overcoming of gravity and inertia. Many diseases associated with the damage of cerebellum (both grey and white matter) result in different types of pathology. Knowledge of external and internal structure of cerebellum and the IV ventricle is necessary for the further mastering of material on clinical departments (neuro-surgery, neurology, traumatology, infectious diseases and other).
Educational tasks
To learn to find anatomic structures of cerebellum, fourth ventricle and rhomboid fossa, projections of nuclei of V-XII pair of cranial nerves to the floor of the fourth ventricle using natural specimens and models. To learn to show these structures of cerebrum on specimens. To study the functions of nucle, their location and structure of white matter (conducting tracts). To ascertain the practical importance. It is necessary to study the connection of the fourth ventricle with other cavities of brain and subarachnoid space. 
The student should know:
1. Latin terminology of this theme.
2. Phylo- and ontogenesis of the nervous system.
3. Anatomical location of cerebellum, its internal (grey and white matter) and external structure.
4. Places of exit of V-XII pairs of cranial nerves on the basis of brain and skull.
5. Anatomical structure of fourth ventricle, its content.
6. Relief of rhomboid fossa.
7. Location of nuclei 12 pairs of cranial nerves, their functions, projection on the floor of the 4th ventricle.
8. Connections of the 4th ventricle. 
9. Structures forming the isthmus of rhombencephalon.
The student should be able:
1.
To show the derivates of metencephalon on wet specimens.
2.
Oriented in the histological structure of grey and white matter of cerebellum.
3.
To show structures forming the isthmus of rhombencephalon.
4. To explain the function of these formations of cerebrum.
5. To show the cavity of the 4th ventricle, its walls and connections.
6. To show and name relief formations of rhomboid fossa. 
7. To name and show projections of 12 pairs of cranial nerves nuclei to the floor of the 4th ventricle.
Questions of initial level:
1. Parts of cerebrum, developing from cerebral vesicles.
2. Anatomical structures of the base of brain.
3. Anatomic structures of medial surface of brain.
4. Places of exit (entrance) of 12 pairs of cranial nerves from the brain matter.
5. Places of output (entrance) of 12 pairs of cranial nerves on the basis of skull.
6. To describe the external and internal structure of medulla oblongata.
7. Topography, external and internal structure of pons.
8. To give a notion of reticular formation (its localization and functions).
Recollection of general knowledge based on studied themes and disciplines.

	Subject
	Student should know
	Student should be able

	Anatomy: craniology
	1. The structure of the inner base of skull
	1. To show the anatomical structure of the inner base of skull.

	
	2. Boundaries and anatomical structures of the middle and posterior cranial fossas.
	1. To show boundaries of the middle and posterior cranial fossas.

	Histology: embryology
	1. The ontogenesis of the nervous system.
	1. To name the general stages of ontogenesis of the CNS.


Equipment for the lesson: skull, brain, brainstem, sagittal section of the brain, cerebellum, transverse section of cerebellum.
Self-dependent work of students
Main theoretical aspects (questions) of theme.
To study the structure of cerebellum, ascertain its location, parts, components from the point of view of phylogenesis, determining its importance, structure (grey and white matter) and function. Pay attention to connection of cerebellum with the other parts of brain by means of 3 pairs of peduncles.
CEREBELLUM
Cerebellum, cerebellum, (little-brain). The basic importance of cerebellum is in completing and correction of activity of other motor centers. A cerebellum takes part in the reflex adjusting the pose and myotonus; provides a correction of  slow purposeful movements during their execution and coordination of these motions with reflexes of pose maintenance; and also provides correct execution  of rapid purposeful movements, which acts after a command from the cortex of hemispheres.
External structure. Consists of odd middle part which is named vermis and lateral parts – hemispheres of cerebellum, hemispheria cerebelli. The superior and inferior surfaces, anterior and posterior edges, with the related incisures; and also the anterior, posterior and lateral angles are distinguished in cerebellum. There is a wide furrow valley of cerebellum, valecula cerebelli at the middle of the inferior surface, which is the place for medulla oblongata. Relief of cerebellum is represented by numerous sulci cerebelli, which are separated from each other by narrow gyruses, gyri cerebelli. The deep transverse sulcus, sulcus horizontalis, passes on the border between superior and inferior surfaces of cerebellum. The hemispheres are divided into three lobes: lobus anterior, lobus posterior and lobus flocculonodularis, together with the corresponding parts of vermis. Each lobe is devided into lobules, which has got both ordinary name, and the widespread numeration after Larsel (Roman numerals).
During phylogenesis there is gradual complication of structure of cerebellum, which close to the development of hemispheres.
Three parts of cerebellum are distinguished in accordance to phylogenesis:
• the old part, archaeocerebellum, which include the flocculus, the nodulus and the lingua of vermis. 

• the ancient part, paleocerebellum, which consists of lingua, central lobule, apex and pyramid of vermis, and also the wing of the central lobule and quadrangular lobule (the anterior part) of hemispheres; in phylogenesis appears after the old part;
• the new part, neocerebellum, represented by clivus, folium and tubercle of vermis, quadrangular (hind part), superior and inferior semilunar lobules and amygdale of hemispheres of cerebellum; appears later than other parts in phylogenesis.
This classification corresponds to subdividing of the organ into parts accordance to the projection of afferent fibers of cerebellar direction. So, the old part is called vestibulocerebellum, because the tracts from vestibular nuclei end there. The ancient part got the name of spinocerebellum, because it has the tracts coming from the spinal cord. Finally, the new part, pontocerebellum, gets the afferent fibers from the cortex of brain hemispheres.
Internal structure. The external surface of organ is covered by grey matter, cortex cerebelli.
The cortex of cerebellum has the three-layered structure:
•The molecular layer is the outer layer of cortex. 
•The layer of pear-shaped neurons or layer of Purkinje cells -  is a middle layer of cortex. 
•The granular layer is the internal layer of cortex. It consists of numerous small granulosa cell and more large cells of Golji. 
Inside the cerebellum the grey matter is represented by nuclei:
the dentate nucleus, nucleus dentatus, has the appearance of the plate bent medially at the gates;
the emboliform nucleus, nucleus emboliformis, is located in front of the gates of dentate nucleus;
the globose nucleus, nucleus globosus, is from the medial side of the dentate  nucleus;
the fastigial nucleus, nucleus fastigii, – the innermost of the nuclei of cerebellum.
The cortex of vermis and hemispheres of cerebellum are characterized by somatoTHEME organization: the upper limbs are represented in the anterior parts of hemispheres, the lower limbs - in the posterior parts; the anterior parts of vermis cortex is responsible for head and neck, and the posterior – for trunk. The proximal parts of limbs are projected medially, the distal ones – laterally; the hemispheres are responsible for co-ordination of limbs movements, the vermis - for trunk.
The white matter of cerebellum has got the name of cerebral body, corpus medullare, from which the large medullar plates of white matter, laminae medullares, separate, giving rise further to the secondary medullar plates. The latter devide into even more thin folia which are covered by grey matter and form the gyruses of cerebellum, gyri cerebelli. The sagittal section picture resembles the branching of a tree, for what it was called arbor medullaris (vitae).
The white matter of hemispheres connects with the neighbouring parts of brain by means of cerebellar peduncles: 
- Superior cerebellar peduncles connect the cerebellum with the mesencephalon. Between them there is the superior medullary velum. 
- Middle cerebellar peduncles pass to the pons. 
- Inferior cerebellar pass to medulla oblongata. 
It’s necessary to study the structure of rhombencephalon’s cavity (4th ventricle). 
Walls of the fourth ventricle, ventriculus quartis:
• The floor is- the rhomboid fossa, fossa rhomboidea, which is formed by the isthmus of rhombencephalon, dorsal surface of pons and dorsal surface of medulla oblongata. The rhomboid fossa is bounded by superior and inferior cerebellar peduncles.
• The roof of the fourth ventricle, tegmen ventriculi quarti, is formed by superior and inferior medullary velum. The superior medullary velum is located between superior cerebellar peduncles. The inferior medullary velum fuses with vascular layer of the fourth ventricle, tela chorioidea ventriculi quarti. The inner surface of the 4-th ventricle cavity has the villiferous protrusions, which contain the vessels and form vascular plexus, plexus chorioideus.
To study the connections of the 4th ventricle. Pay attention that the flow of the cerebrospinal fluid to the 4th ventricle is accomplished through the aqueductus cerebri.
The posterior part of vascular layer, just before the obex, contains the odd middle orifice, apertura mediana ventriculi quarti (Magendii), and in its lateral parts from every side contain apertura lateralis (Luschkae). The fourth ventricle is connected with subarachnoid space through these orifices.
Within the study of location of grey matter, it is important to show the projections of cranial nerve nuclei to the rhomboid fossa.
Relief of the rhomboid fossa. The white medullary (auditory) striae, striae medullares (acusticae), stretch to the middle of the rhomboid fossa from the lateral recesses, recessus lateralis, dividing the rhomboid fossa into superior and inferior triangles. The longitudinal median sulcus, sulcus medianus, divides the rhomboid fossa into two symmetrical halves. On both sides of this sulcus the middle eminence, eminentia medialis, is located; its external border is a limiting sulcus, sulcus limitans. The limiting sulcus ends superiorly and inferiorly by the deepenings – superior and inferior fossulas, fovea superior et inferior. The superior fovea corresponds to the place motor nucleus of trigeminal nerve location, and laterally there’s the projection of the sensory nucleus of the same nerve. The lateral corner of the rhomboid fossa is occupied by the spot that has a bluish color, locus coeruleus. The specific color of spot is ought to the nervous cells, the cytoplasm of which contain neuromelanin. In superior part of the rhomboid fossa has a middle eminence which broadens and inserts into the cavity of the ventricle as the round-shaped facial tubercle, colliculus facialis. It is formed by the laying below motor nucleus of abducent nerve and surrounding it fibers of facial nerve; laterally the superior salivatory nucleus is projected. The middle eminence is narrowing downwards, acquires the triangle shape and gets the name of triangle of hypoglossal nerve, trigonum nervi hypoglossi. It determines the localization of nucleus of the XII pair. Outside of it, the triangular area known as the grey wing, ala cinerea, or triangle of vagus, trigonum nervi vagi, is located. The dorsal nucleus of the X pair and inferior salivatory nucleus is projected here. Between the mentioned triangles, the ambiguus nucleus (nucl. ambiguus) which is the motor nucleus of the IX, X, XI pairs of cranial nerves, is projected here.  Laterally and above of the dorsal nucleus is the projectional area of the solitary tract nucleus, nucl. tractus solitarius, (common nucleus for VII, IX and the X nerves). Next and parallel to in the medial sulcus is the spinal nucleus of trigeminal nerve, nucl. nervi trigemini. The lateral part of the rhomboid fossa, which is located between the limiting sulcus and entrance to the lateral recess, is called the vestibular area, area vestibularis. The nuclei of the vestibulocochlear nerve lie under it: 2 nuclei of auditory nerve (ventral and dorsal) and 4 nuclei of vestibular nerve (medial – Shvalbe, lateral - Deyters, superior – Bekhterev and inferior – Roller).
ISTHMUS OF RHOMBENCEPHALON
The superior cerebellar peduncles, superior medullary velum and trigonum lemnisci (composed of the passing auditory fibers of lateral loop; is bounded anteriorly by the brachium of inferior colliculus, posteriorly - by the superior cerebellar peduncles and laterally - by the cerebral peduncles) make an isthmus, isthmus, of rhombencephalon. It is a transit from rhombencephalon to mesencephalon.
The superior end of the IV ventricle inserts into the isthmus and continuous to aqueduct in mesencephalon.
Questions for final control:
1. To ascertain the phylogenetical parts of cerebellum.
2. External and internal structure of cerebellum.
3. Structure of the fourth ventricle, its communications.
4. Relief structures of the rhomboid fossa. 
5. To ascertain the location and projection of V-XII of pairs of cranial nerves nuclei to the floor of the 4th ventricle.
6. Structures, forming the isthmus of rhombencephalon.
The program of independent work.

Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of transverse sections of cerebellum, structure of the fourth ventricle, projection of cranial nerves nuclei to the rhomboid fossa.
	Educational tasks
	Exact items

	1. To study the external structure of cerebellum.
	1. Find and show cerebellum, its surfaces, parts, lobes and boundaries. 

	2. To study the internal structure of cerebellum.
	1. Find, name and show the nuclei, their functions and location. 

2. Find the tracts in content of the cerebellar peduncles. 

	3. To study the anatomical structures of metencephalon, 4-th ventricle.
	1. Find on wet specimens metencephalon 4-th ventricle.

	4. To study the structure of the 4-th ventricle and rhomboid fossa.
	1. Study the external structure of the rhomboid fossa.

2. Study the projection of the V-XII pairs cranial nerves nuclei to the rhomboid fossa, name it and ascertain their functions.

	5. To study the communications of the 4-th ventricle.
	1. Show on wet specimens the orifices through which the flow of the cerebrospinal fluid is accomplished. 

	6. To study on wet specimens the chorioid plexus of the 4-th ventricle.
	1. Name and show the chorioid plexus of the 4-th ventricle.


THEME 4 
ANATOMY OF THE MIDBRAIN AND MEDULLA OBLONGATA


Items for discussion.
The midbrain and its parts. Tectum: external and internal structure - gray and white matter. Cerebral peduncles, their parts, internal structure: gray and white matter. Cerebral aqueduct. Diencephalon: its parts (dorsal part- thalamencephalon; ventral part - hypothalamus). Thalamus: external and internal structure, the nuclei and their functions. Epithalamus: its parts. Metathalamus: parts and their functions. Hypothalamus: its components. Hypophysis. Nuclei of hypothalamus, their functions. Epithalamo-hypothalamo- hypophyseal system. Third ventricle: its walls, communications. 

Topicality of a theme.
Mesencephalon contains subcortical brain centers of hearing and vision; nuclei of nerves, that innervates muscles of the eye; intermediate centers of extrapyramidal system; projection tracts. The structures of diencephalon are the intermediate points of all types of sense and suprasegmental centers of the autonomic nervous system. In addition, the hypophysis, epiphysis, a number of hypothalamic nuclei are the principal actors that realize neurohumoral regulation. Anatomical and histomorphological data of structure of these brain divisions have theoretical and practical importance in relation to functions they perform. Knowledge of structure of neurogenic group of endocrine glands, 3rd ventricle walls, pathways of CSF outflow will serve as the basis for study and understanding the clinical subjects such as neurosurgery, neurology and endocrinology.

 
Purpose of training.

To learn to find wet specimens, the mesencephalon and diencephalon, their derivatives on the ventral and dorsal surfaces. Examine the borders of these brain structures, their cavities, walls of 3rd ventricle and its communication with other brain cavities.
The student should know:

1. Latin terminology of the topic. 
2. Phylo- and ontogenesis of the nervous system.
3. Borders and derivatives of midbrain. Cerebral aqueduct and its communications.
4. Internal structure of the brain on frontal sections: gray and white matter (the nuclei, their names, location and function).
5. Borders and derivatives of the diencephalon.
6. The structure of gray and white matter (on the frontal section of diencephalon: centers, their names, location and function).
7. 3rd ventricle walls, its communications.
The student should be able to: 
1. Show and name on the wet specimens, charts, taking into account Latin terminology, derivatives of mes- and diencephalon, and their borders.
2. Cavities of these brain structures and their communications.
Questions of initial level:
1. To define phylogenetic parts of the cerebellum.

2. External and internal structure of the cerebellum.
3. The structure of the fourth ventricle, its communications.
4. The relief formations of rhomboid fossa.
5. To define localization and projection of the nuclei of V-XII pairs of cranial nerves on the floor of fourth ventricle.
6. The structures forming the isthmus of rhombencephalon.
REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able to

	Anatomy: craniology.


	1. Structure of the skull base
	1. Show anatomical formations of the skull base.

	
	2. Boundarys and anatomical formations of middle and posteror cranial fossae.
	1. Show the boundarys of middle and posteror cranial fossae 

	Histology: embryology
	1. Ontogenesis of the nervous system
	1. To name the basic stages of ontogenesis of CNS.



Practical equipment: skull, brain, brainstem, sagittal section of the brain, brain sections of the midbrain at the level of superior and inferior colliculi.
 Self-dependent work.

The main theoretical questions of the topic. 
At the wet specimens, to explore the structure of midbrain, its borders and surfaces. Associate the development of midbrain to the influence of the visual analyzer on it, in connection with its critical relevance to the innervation of the eye. To explain the development of centers of hearing which together with the centers of vision, constitute the quadrigeminal plate. 

MESENCEPHALON 
The midbrain, mesencephalon, is the smallest part of the brain. The dorsal part of it is represented by the roof of the midbrain, tectum mesencephali, which is called the quadrigeminal plate, lamina quadrigemina. The ventral part is composed of the peduncles of the brain, pedunculi cerebri. Cavity of midbrain is a cerebral aqueduct, aqueductus cerebri (Sylvii). It connects III and IV ventricles.

ROOF OF MESENCEPHALON
The external structure. The quadrigeminal plate, tectum mesencephali, extends from the base of epiphysis to the anterior end of the superior medullary velum. It is formed by the superior colliculi, colliculi superiores, and inferior colliculi, colliculi inferiores. Between the superior colliculi in trigonum subpineale the pineal body (epiphysis) is located. From the roof of midbrain to the superior medullary velum two frenula veli medullaris anterioris are stretched. From the side of the frenula nervus trochlearis passes. Colliculi continue from the outside with the brachium of colliculi, brachii colliculi. Сorrespondingly, from the superior colliculi deviate the brachium colliculi superioris, which goes to the lateral geniculate body under the pulvinar of the thalamus. From the inrerior colliculi brachium colliculi inferioris deviate to the medial geniculate body.
The internal structure. One of the subcortical visual centers is located at the superior colliculi. Colliculi consist of alternating layers of gray and white matter. Superior colliculi function as reflex points that define the head and the eyes position in response to visual irritations. They provide the tracking of direction of the objects motion in the visual field, visual orientation and surveillance.
Inrerior colliculi are the main subcortical center of hearing, which consists of three nuclei: the central, nucl. centralis, paracentral, nucl. pericentralis, external, nucl. externus. 
During demonstration of the ventral part of midbrain it is necessary to show anatomical formations of that part which is represented by cerebral peduncles. The angle between them is 80 °.
CEREBRAL PEDUNCLES
The external structure. Cerebral peduncles, pedunculi cerebri, arise from upper edge of the pons, extend in lateral direction and then immersed in the brain hemispheres. In the area of the entrance to the hemisphere through the cerebral peduncles optic tracts get over. Between cerebral peduncles, is the interpeduncular fossa, in which the bottom is formed by posterior perforated substance. The occulomotor sulcus (the same name nerve fibers exit) passes at the medial surface of the cerebral peduncles.
The internal structure. 
On cross-section of the midbrain grayish-black substance reveals, substantia nigra (Sommering), which divides the cerebral peduncles to the base, basis pedunculi cerebri, and tegmentum, tegmentum. Outside the border between tegmentum and the base runs along the sulcus nervi oculomotorii. On the brain cross section Sylvian aqueduct looks like a triangle with base directed forward, and the apex - backward.
Descending conduction tracts pass through the base of cerebral peduncles:
• Corticospinal tract, tr. corticospinalis 
• Corticonuclear tract, tr. corticonuclearis 
• Corticopontine tract, tr. corticopontinus.
Gray matter of cerebral peduncles’ tegmentum:
• The central gray matter, substantia grisea centralis, surrounds cerebral aqueduct of the brain. Contains several groups of nuclei, most of which is part of the limbic system and is the highest vegetative center.
• Nuclei of III, IV cranial nerves, mesencephalic nucleus of V cranial nerve. Oculomotor nerve (III) has the motor somatic nucleus, nucl. motorius n. oculomotorii, located anteriorly from the central grey matter and vegetative parasympathetic nucleus, nucl. accessorius n. oculomotorii, (Edinger-Westphal, Yakubovich). Motor nucleus of trochlear nerve is located in the central gray matter below the nucleus of III pair. Nuclei of III pair are located at the level of the superior and the nucleus of IV pair at the level of the inferior colliculi quadrigeminal plate.
• Accessory nuclei of oculomotor complex: 
Nucleus interstitialis (Cajal), intermediate nucleus of Cajal. It is involved in the slow rotating and vertical movements of an eyeball, controlling movements and postures of the head.
Nucleus centralis (Perlia) – represented by group of cells situated at midline. It participates in the reaction of convergence.
• Red nucleus, nucleus ruber, located between the substantia nigra and the central gray matter. It is composed of neurons with iron pigment, on which fibres from the brain cortex, cerebellum and thalamus end. The rubrospinal (Monakow) conduction tract, tr. rubrospinalis (Monakow) begins from the neurons of red nucleus. It belongs to extrapyramidal system.

• Substantia nigra, substantia nigra, is a component of the striopallidar system receiving the greatest number of fibers from caudate nucleus, fibrae strionigrales. Its lesion leads to Parkinson's disease.
Reticular formation, formatio reticularis, lies dorsally and laterally to red nucleus.
White matter of cerebral peduncles tegmentum:
Lateral lemniscus, lemniscus lateralis is a conduction pathway of auditory analyzer. 
• Medial lemniscus, lemniscus medialis, (proprioceptive sense).
• Spinal loop, lemniscus spinalis, formed by axons of second neurons of thalamocortical pathway. It passes in the immediate proximity of the medial lemniscus. Through this tract the sense of pain and temperature passes.
• Tectospinal and tectobulbar conduction tracts, tr. tectospinalis and tr. tectobulbaris. They provide motor reflex reaction to visual and auditory stimuli. Participate in extrapyramidal system.
• Rubrospinal conduction tract, tr. rubrospinalis. Participate in extrapyramidal system. 
• Medial longitudinal bundle, fasciculus longitudinalis medialis provides combined head and eye movements.
INTERBRAIN, DIENCEPHALON
To define the boundaries of the diencephalon.
In composition of the diencephalon included area of visual brain, thalamencephalon, and subthalamic area, hypothalamus, separated by sulcus hypothalamicus, which connects foramen interventriculare and aqueductus cerebri. Cavity of diencephalon is unpaired third ventricle, ventriculus tertius, lying in the median plane. Thalamencephalon consists of thalamus; area above the thalamus, epithalamus, and behind the thalamus - metathalamus.
To show that thalamus is a large pair cluster of grey matter, which consists more then nuclei.
THALAMUS 
The axons of all sensory conducting tracts have the contacts with thalamic neurons. Thus the thalamus is a subcortical sensory center.
The external structure. The thalamus has uncovered medial and dorsal surface which are separated by stria medullaris. On the dorsal surface may be determined anterior tubercle, tuberculum anterius thalami, and the pulvinar (thickening of the posterior portion of thalamus). Dorsal surface is covered with a thin layer of white matter, called zonal layer, stratum zonale. Medial surface of each side connected with interthalamic adhesion, adhesio interthalamica.
The internal structure. According to functional anatomy, thalamus, usually referred to as "collector of sense" or "gateway to cortex", as all lines of afferent conducting tracts of cortical direction, pass through thalamus and have their so-called "switch nucleus". Communication with the cortex of these nuclei in most cases is bilateral.
All the functions of the thalamic nuclei are divided into four groups: 

Specific nuclei for switch of afferent systems. In these nuclei transfer of certain sensory information (general sense, vision and hearing) occurs. Their projections correspond to afferent sensory areas of cerebral cortex.
Nuclei of nonspecific system. These nuclei of reticular formation are linked to the brain stem and receive information from all organs of sense.
Nuclei with predominantly motor functions are associative points, which connect the cerebellum and basal ganglia with the motor cortex of cerebral hemispheres.
Nuclei with associative functions. They relate to associative cortex areas that are involved in higher integrative processes of the brain.
Topographically, the nuclei of thalamus are divided into three groups: 
- Ventrolateral: nucl. lateralis dorsalis, nucl. lateralis posterior, nucl. ventralis anterior, nucl. ventralis intermedius, nucl. ventralis lateralis, nucl. ventralis posteriors, nucl. ventralis posterolateralis, nucl. ventralis posteromedialis, nucl. reticularis; 
- Median: nucl. centromedianus, nucll. Mediales, nucl. Medialis dorsalis; 
- Anterior: nucl. Ventralis. 
Sus pinealis. Below that is protruding in the ventricle cross-reaching bundle - posterior brain commissure.
EPITHALAMUS

Epithalamus adjoins the posterior end of the thalamus. Stria medullaris caudally expands forming a triangular field trigonum habenulae, which toward the median line stretches thin fibrous bundle – habenula. It is formed together with the habenula of opposite side the commissure, commissura habenularum. Habenular commissure is connected to the pineal body, epiphysis (corpus pineale).

Pineal body belongs to the endocrine glands. It secretes hormone which inhibits the early development of secondary sexual characters in children.

All of the above formations form the epithalamic area. In epiphysis base can be found blindly closed projection of the third ventricle, recessus pinealis. Below there is bundle of transverse fibers incurrent to the 3rd ventricle - posterior cerebral commissure.
METATHALAMUS 
Metathalamus is composed of lateral and medial geniculate bodies, corpus geniculatum laterale et mediale, lying behind the thalamus. Lateral geniculate body is the main subcortical center of vision and medial is a center of hearing.

HYPOTHALAMUS 
Hypothalamus is a main subcortical center of vegetovisceral and endocrine functions’ regulation.

The formations of different genesis are included in composition of hypothalamic area. They occupy ventral part of the diencephalon and are located below the hypothalamic sulcus, sulcus hypothalamicus.
Hypothalamus is subdivided to visual and olfactory part, pars optica et pars olfactoria.
The olfactory part include: mamillary bodies, subthalamic area and hypothalamic sulcus. The optic part consists of an optic chiasm, optic tract (constituent parts of II pair of cranial nerves), gray tuber is a collection of vegetative nuclei that control thermoregulation, hypophysis is a main endocrine gland.
Now 32-48 nuclei are described in hypothalamus. that are the highest vegetative centers governing all types of metabolism, thermoregulation, etc. There are three main groups of hypothalamic nerve cells accumulation - nuclei:
• anterior;
• intermediate;
• posterior.
The hypothalamic nuclei have double connection with the centers of the brain and internal organs. Some of the nuclei have neurosecretory function. Supraoptic and paraventriculyar nuclei produce antidiuretic hormone, vasopressin and oxytocin. The axons of neurosecretory cells come to posterior hypophysis. Then hormones release into the blood. Arcuate and ventromedial nuclei produce releasing hormones for regulation of hormone secretion by anterior lobe of hypophysis. Hypophysis is located in hypophiseal fossa of Turkish saddle, sella turcica, of sphenoid bone. The anterior and posterior lobes are distinguished in hypophysis .
THIRD VENTRICLE 
3rd ventricle is the cavity of diencephalon which has the following walls:
- anterior wall consists of a terminal plate, lamina terminalis, the peduncles of fornix and anterior cerebral commissure. The wall has two interventricular foramina.
- Posterior wall formed by habenular commissure, posterior cerebral commissure, recess of epiphysis. Here is the opening of the cerebral aqueduct.
- Lateral wall is formed by medial surfaces of thalamus.
- Inferior wall (the floor) consists of optic chiasma, gray tuber, mammillary bodies and posterior perforated substance.
- Superior wall (the roof) is represented by vascular epithelial plate tight between medullary striae.
Tela chorioidea of the third ventricle, tela chorioidea ventriculi tertii, consists of two sheets derivatives of pia mater, internal cerebral vein, vv. cerebri internae are located between them. As a result of the veins joining a large cerebral vein (v. cerebri magna (Galeni)) is formed. The lower portion of tela chorioidea forms villi which contain blood vessels and pass as two rows of parallel median plane protruding into the third ventricle and forming its vascular plexus, plexus chorioideus ventriculi tertii. From the side of ventricular cavity vascular plexus covered with epithelial plate, lamina epithelialis chorioidea (roof of the third ventricle).
3rd ventricle communicates with the lateral ventricles through the interventricular foramens.
Vascular-epithelial plexus of 3rd ventricle produces cerebrospinal fluid, its outflow occurs in 4th ventricle through cerebral aqueduct.
Questions of final control:
1. External and internal structure of the midbrain.
2.  Divisions of diencephalon.
3.  External and internal structure of diencephalon, its connections.
4.  To describe the neurogenic group of endocrine glands (epiphysis and hypophysis), their structure and functional significance.
5. The walls of 3rd ventricle and its communications.

The program of independent work.

	Educational tasks
	Exact items

	1. To study the internal and external structure of mesencephalon.
	1. Find and show using wet specimens, charts, tables, dorsal and ventral surfaces and derivatives of mesencephalon.

2. Name the nuclei their localization and functions.

	2. To study the cavity of mesencephalon.
	1. Find and show the cavity of mesencephalon and its connections with other cavities of the brain.

	3. To study the internal and external structure of interbrain.
	1. Find, name and show derivatives of diencephalon.

2. Name the nuclei their localization and functions.

	4. To study walls 3rd  ventricle and its  communications with other cavities of the brain.
	1. Find, name and show the walls 3rd ventricle.

	5. To study the neurogenic group of endocrine glands.
	1. Find, name and show the hypophysis, epiphysis their localization and function.

	6. To study the epithalamic area.
	1. Name and show the structures related to the epithalamus.

	7. To study the metathalamic area.
	1. Name and show the structures related to metathalamus, specify their function.

	8. To study a structure and function of the hypothalamic-hypophyseal system.
	1. Explain the connections of hypothalamus with a hypophysis taking into account nuclei and their functional value.



Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the charts (topography nuclei of thalamus, cross-sections of the midbrain at the level of the superior and inrerior colliculi). 

THEME 5 
TELENCEPHALON. RELIEF OF PALLIUM. LOCALIZATION OF FUNCTIONS IN THE CORTEX OF the BRAIN. MENINGES OF THE BRAIN AND THEIR DERIVATIVES
Items for discussion

Telencephalon:  hemispheres of the brain. Pallium. Relief of cortex of hemispheres of the brain: sulci and gyri.
Morphological basis of dynamic localization of functions in the cerebral cortex. Cytoarchitectonics of cerebral cortex. Meninges of of the brain. Features of structure of dura mater of the brain. Appendages of dura mater of the brain and their topography. Sinuses of dura mater of the brain. Intermeningeal spaces of the brain and their contents. Places of cerebrospinal fluid (liquor) production and pathways of its circulation.

Topicality of a theme.
Information on the structure of the brain, relief of cerebral cortex, localization of cortical ends of analyzers will provide the basis for study of brain diseases in the clinic (functional impairments, traumatic injuries, infections, etc.). Information about the structure of the brain needed to study other systems (myology, splanchnology), as well as for doctors of various specialities.
Purpose of training.
To study on the wet specimens, visual aids the brain structures (grey, white matter), its functions, relief of cortex (sulci and gyri, borders between lobes of the brain), the surfaces, layers of cerebral cortex, structure of analyzers. Learn the composition and structure of particular brain meninges. To learn the structure of venous sinuses and cisterns of subarachnoid space. To ascertain practical significance.
The student should know:
1. Latin terminology of the topic. 
2. Phylo- and ontogenesis of nervous system.
3. Derivatives of  the telencephalon.
4. The external structure of cerebral hemispheres. Lobes and the boundaries between them.
5. Gyri of all surfaces of cerebral hemispheres.
6. The structure of cerebral cortex.
7. Meninges of the brain.
8. Places of production and pathways of liquor circulation.
The student should be able to:
1. Name and show on wet specimens, derivatives of telencephalon.
2. Name and show on wet specimens, lobes of hemispheres, the boundaries between them.
3. Name and show on wet specimens, gyri of all surfaces of cerebral hemispheres.
4. Name and show on wet specimens, the cortical ends of I and II signaling systems analyzers.
5. Show intermeningeal spaces, their communications among themselves and with the brain ventricles.
6. Show the pathways of liquor circulation.
Questions of initial level: 
1. External and internal structure of midbrain.
2. Parts of diencephalon.
3. External and internal structure of interbrain, its communications.
4. Describe the neurogenic group of endocrine glands (epiphysis and hypophysis), their structure and functional significance.
5. The walls of 3-rd ventricle and its communications.
REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able to

	Anatomy: craniology.


	1. Structure of the skull base
	1. Show anatomical formations of the skull base.

	
	2. Boundarys and anatomical formations of anterior, middle and posteror cranial fossae.
	1. Show the boundarys of anterior, middle and posteror cranial fossae 

	Histology: embryology
	1. The structure of the cortex of the brain in layers.
	1. Explain the structure of the cortex of the brain in layers, to ascertain its functions.

	
	2. Ontogenesis of the nervous system
	2. To name the basic stages of ontogenesis of CNS.




Practical equipment: skull, brain, sagittal section of the brain, meninges of brain.
Self-dependent work

The main theoretical aspects (questions) of the topic. 
Using the wet specimens and charts study the  structure of telencephalon.
Endbrain (telencephalon) is represented by two hemispheres, hemispheria cerebri. The brain is composed of pallium - the brain cortex; basal nuclei, nuclei basales; rhinencephalon and white matter of hemispheres. Cavities of the endbrain are the lateral ventricles, ventriculi laterales.
CORTEX OF CEREBRAL HEISPHERIA 

There are three surfaces in each hemisphere: superiolateral, inferior (basal) and medial; three poles: frontal, occipital and temporal and three edges: superior, inferior and external. The hemisphere are divided into 5 lobes by the constant deep slits or primary sulcus. The lobes are - frontal, parietal, temporal, and insula. Secondary and tertiary sulci define these lobes relief. Between sulci are the gyri. This folded structure increases the area of cortex until 2500 sm2, while about 30% of grey matter is on the surface of gyri and nearly 70% in the depth of sulcus. The thickness of cortex in various fields ranges from 1.3 mm to 4.5 mm. It comprises a 10x9-10x10 neurons and an even greater number of glial cells, as well as nerve fibres (afferent, efferent, associative and commissural). Within the cortex there alternating of layers containing the bodies of nerve cells mostly, with layers, mostly composed of their axons. Therefore, in the fresh section of the brain cortex looks striped.
six layers (plates) of nerve cells are allocated in the cortex with a typical structure based on cytoarchitecture.

• I - molecular plate, consists of a small amount of horizontally oriented cells (horizontal Cajal cells), the processes of the cells do not beyond the cortex, as well as a dense network formed by the dendrites and axons of cells located in deeper layers.
• II - the outer granular plate, which was composed of the body of stellate neurons and small Pyramidal cells, as a network of thin nerve fibers.
• III - the outer Pyramidal plate; contains the bodies of Pyramidal mid-size neurons, which processes do not form a long conduction tracts. 
• IV - internal granular plate, which consists of densely located small Pyramidal and stellate neurons. In this layer ends the majority of thalamic nerve fibers.
• V - inner Pyramidal plate formed by large Pyramidal cells (Bets), and in the field of precentral zone of cortex - giant Pyramidal cells. From the fifth layer the corticonuclear and corticospinal tracts begin.
• VI - multiform plate; consists of a variety of form neurons.
90% of cerebral cortex has such six layer structure. In the process of phylogenesis such cortex appears in mammals and therefore is called neocortex (new cortex). 10% of cortex is the old cortex, archicortex, ancient cortex, paleocortex, and the average cortex, mesocortex. Old (phylogenetic) part of the brain cortex is represented by hippocampal and dentate gyri. It has only three layers of neurons. The ancient cortex corresponds to the area of the brain, which develops from a pear lobe. To the middle cortex refers not fully differentiated (cortex of insula).
In certain areas of the new cortex associated with the implementation of different functions, dominates the development of different layers of cortex. On that basis, there are two types of formation of cortex: granular and agranular. Agranular type is characteristic to motor cortex area, where mostly developed III, V and VI layers with weak expression of II and IV. Sensitive centers have granular type of cortex structure, which predominate in the structure of granular layers (II and IV), while segments containing Pyramidal cells are less developed.
Morphofunctional unit of hemispheres’ cortex are the modules. They have the form of columns (cylinders) passing vertically through all layers of cortex. Each module contains about 5000 neurons and has a diameter of 200-400 microns. There are over 2 million modules are in the cortex and they are characterized relatively autonomous functional activity.
Sulsi and gyri of superiolateral surface of cerebral hemispheres. On the superiolateral surface of hemisphere there is lateral deep sulcus, sulcus lateralis (Sylvii), which separates the temporal lobe from the frontal and parietal. It is divided into three branches in direction from the temporal pole to the occipital: ramus anterior, passing forward and horizontally, ramus ascendens directed vertically upwards and more long ramus posterior which continues backwards. Central sulcus, sulcus centralis (Rolandi) passes from the middle of superior edge of hemisphere downwards and oblique and separates the frontal and parietal lobes.
Frontal lobe, lobus frontalis 


Sulci: 
1. Precentral sulcus, sulcus precentralis. 
2. Superior frontal sulcus, sulcus frontalis superior. 
3. Inferior frontal sulcus, sulcus frontalis inferior. 

Gyri: 
1. Precentral gyrus, gyrus precentralis. 
2. Superior frontal gyrus, gyrus frontalis superior. 
3. Middle frontal gyrus, gyrus frontalis medius. 
4. Inferior frontal gyrus (Brocka`s gyrus), gyrus frontalis inferior. 


Parietal lobe, lobus parietalis 


Sulci:
1. Postcentral sulcus, sulcus postcentralis. 
2. Intrapareital sulcus, sulcus intraparietalis. 


Gyri:
1. Postcentral gyrus, gyrus postcentralis. 
2. Superior parietal lobule, lobulus parietalis superior. 
3. Inferior parietal lobule, lobulus parietalis inferior. It consists of two separate gyri: supramarginal, gyrus supramarginalis, and angular, gyrus angularis. 


Temporal lobe, lobus temporalis 


Sulci:  
1. Superior temporal sulcus, sulcus temporalis superior. 
2 Lower temporal sulcus, sulcus temporalis inferior. 


Gyri:
1. Superior temporal gyrus, gyrus temporalis superior. 
2. Middle temporal gyrus, gyrus temporalis medius. 
3. Inferior temporal gyrus, gyrus temporalis inferior. 
4. Transverse temporal gyri, gyri temporales transversi, also called gyri of Heschl. 


Occipital lobe, lobus occipitalis 
Inconstant sulci occipitales laterales occur at the superiolateral surface of occipital lobe, they separate gyri occipitales superiores and gyri occipitales laterales.

The insula, insula 


Insula sulci: 
1. Circular sulcus. 
2. Central sulcus. 


Gyri of insula: 
1. Short insular gyri, which cover the anterior of the lobe. 
2. Long insular gyrus, located in the posterior lobe. 

Gyri and sulci of medial and basal surfaces of cerebral hemispheres 


Sulci of medial surface: 
1. Cingulate sulcus, sulcus cinguli. 
2. Sulcus of corpus callosum, sulcus corporis callosi. 
3. Parieto-occipital sulcus, sulcus parietooccipitalis. 
4 . Calcarine sulcus, sulcus calcarinus. 


Gyri of medial surface: 
1. Superior frontal gyrus, gyrus frontalis superior. 
2. Paracentral lobule, lobulus paracentralis. 
3. Cingulate gyrus, gyrus cinguli. 
4. Quader, precuneus. 
5. Cuneus (wedge), cuneus. 
6. Lingual gyrus, gyrus lingualis. 


Sulci of basal surface of cerebral hemisphere: 
1. Hippocampal sulcus, sulcus hippocampi. 
2. Collateral sulcus, sulcus collateralis. 
3. Olfactory sulcus, sulcus olfactorius. 
4. Orbital sulci, sulci orbitales. 


Gyri of basal surface of cerebral hemisphere: 


1. Lateral occipito-temporal gyrus, gyrus occipito-temporalis lateralis. 
2. Parahippocampal gyrus, gyrus parahippocampalis (gyrus hippocampi, BNA). 
3. Straight gyrus, gyrus rectus lies medialiy to sulcus olfactorius. 
4. Orbital gyri, gyri orbitales. 


LOCALIZATION OF FUNCTIONS IN CEREBRAL CORTEX


The combination of nerve formations that provide the transformation of irritation energy in the nervous impulse, conducting of nerve impulse, its analysis and synthesis providing the origin of feelings is the analyzer. 
Each analyzer consists of three morphological parts:
1) receptor;
2) conductor;
3) cortical end of analyzer, which perceives an excitement as a feeling. The cortical end of analyzer is a region of cerebral cortex were principal analysis, synthesis and integration of functions happen. According to I.P. Pavlov: "The cortical end of analyzer is a nucleus with scattered around cellular elements". This definition explains the partial restoration of function if nuclei are damaged. This makes it possible to talk about dynamic localization of functions in the cortex of the brain.
Consider the position of some cortical centres of analyzers in relation to gyri and lobes of the brain. Some of cortical centres of analyzers are available not only in humans’ cortex, but also in the cortex of animals. They specialize in perception, analysis and synthesis of signals from external and internal environment, and make up according to I.P. Pavlov, first signaling system. The cortical centers (nuclei) of I-st signaling system include:
1. Centers of general types of sense (cortical end of analyzer of general sense (temperature, pain, tactile and proprioceptive)) are located in postcentral gyrus, superior parietal lobule.
2.  Center of stereognosis is at the superior parietal lobule, adjacent to the posterior division of postcentral gyrus. Stereognosis is a three-dimensional feeling. With the lesion of the center, patient looses ability to recognize the objects by the touch without control of vision.
3.  Center of hearing (cortical end of auditory analyzer) is at the medial surface of superior temporal gyrus (Heshl's gyrus), in the depths of lateral sulcus.
4.  Center of vision (cortical end of visual analyzer) is at the medial surface of occipital lobe along both sides of calcarine sulcus.
5.  Center of olfactory analyzer is at the inferior surface of the temporal lobe at the region of uncus and hippocampus.
6.  The nucleus of the center of taste perception is at the lower divisions of postcentral gyrus, uncus of hippocampus.
7.  Motor zone is at the precentral gyrus of frontal lobe and paracentral lobule on the medial surface of hemisphere.
8.  Center of combined turning of head and eye in the opposite direction is at the posterior divisions of middle frontal gyrus.
9.  Center of praxis is at the supramarginal gyrus. Ensures the implementation of complex, targeted movements in sequence, obtained in the process of life.
  Speech, together with mind are the youngest functions of the human brain. Speech and mental functions are carried out with the participation of the whole cortex. therefore the analyzers forming the second signaling system are less localized and represent the totality of speech analyzers:
1. Sensory center of spoken speech (Vernike`s center) is at the posterior divisions of the superior temporal Gyri (from right-hander on the left, while left-hander - right). The lesion of the center leads to the emergence of sensory aphasia a violation understanding of spoken language.
2.  Motor center of spoken speech (Broca's area) is at the posterior divisions of lower frontal gyrus (in right-handed person – on the left, in left-handed person - on the right). With its injury the motor aphasia (disorder of spoken speech) is developed. The patient loses the ability to speak because of a fall of speech motor complex skills necessary for the pronunciation of syllables, words and phrases.
3.  Center of lexia, sensory center of written speech (the ability to recognize printing signs and ability to read) is at the gyrus angularis (in right-handed person – on the left, in left-handed person - on the right). lesion of understanding written speech (loss of ability to read) develops after the impairment of the area.
4.  Center of graphia, motor center of written speech (ability to write) is at the posterior divisions of middle frontal gyrus of left hemisphere. agraphia (disorder of writing) develops because of lesion of the center. 
MENINGES OF THE BRAIN 
Outside the brain is covered by three meninges: a firm, dura mater encephali, arachnoid, arachnoidea encephali and soft, pia mater encephali. Dura mater consists of two layers: external and internal. The outer layer, rich by the vessels, densely grows together with the skull bones as a periosteum. The inner layer deprived of vessels, at a great distance adjacent to outer. In the regions where layers are splits the sinuses (sinus) of dura mater filled by the blood are formed. Dura mater processes which run deep into the skull and penetrate into the brain fissures. These include:
• Falx cerebri is located within the fissure between the hemispheres.
• Tentorium cerebelli lies in the lateral fissure between the occipital lobes of hemispheres and the upper surface of the cerebellum. At the anterior margin of tentorium cerebelli incisura tentorii is located the brain stem passes through it.
• Falx cerebelli separates the hemispheres from cerebellum.
• Diaphragm of sella turcica, diaphragma sellae located above the Turkish saddle, covering the hypophysis.
• Trigeminal cavity is a splitting of dura mater where sensory ganglion of trigeminal nerve is located.
The system of dura mater venous sinuses includes:
• Superior sagittal sinus, sinus sagittalis superior passes from crista gali backwards along the sagittal sulcus.
• Inferior sagittal sinus, sinus sagittalis inferior, runs along the inferior edge of a falx cerebri.
• Tranverse sinus, sinus transversus, lies in the transverse sulcus of occipital bone.
• Sigmoid sinus, sinus sigmoideus, located in the same sulcus of temporal and parietal bone empty into the bulb of jugular vein.
• Straight sinus, sinus rectus, is located between tentorium cerebelli and place of its attachment to lower edge of falx cerebri.
• Cavernous sinus, sinus cavernosus, located on the sides of Turkish saddle. The oculomotor, trochlear, abducent nerves, ophthalmic branch of the trigeminal nerve and the internal carotid artery pass through it.
• Intercavernose sinuses, sinus intercavernosi, connect the right and left cavernous sinuses. As a result general "circular sinus" is formed around the Turkish saddle and hypophysis .
• Superior petrouse sinus, sinus petrosus superior, runs along the upper edge of temporal bone pyramid and connects the cavernous and transverse sinuses.
• Inferior petrouse sinus, sinus petrosus inferior, is at the inferior petrouse sulcus and connects cavernous sinus with the bulb of jugular vein. 
• Occipital sinus, sinus occipitalis, located around foramen magnum and empty into the sigmoid sinus.
The place of junction between superior sagittal, transverse, straight and occipital sinuses at the level of cruciate eminence of occipital bone is named the confluence of sinuses, confluens sinuum. Venous blood from the brain outflows into the sinuses and then into the internal jugular vein.
Arachnoid mater closely adjacent to the inner surface of dura mater but not inosculates. It is separated by subdural space, spatium subdurale.

Pia mater is closely related to the surface of the brain. Pia mater is a thin connective tissue sheet containing network of small vessels, which covers the surface of the brain and comes into all of its sulci. There is a subarachnoid space, cavitas subarachnoidalis between arachnoid mater and pia mater. It is filled by cerebrospinal fluid. Local expansions of subarachnoid space are named cisterns.
These include: 
• Cerebellomedullar (large) cistern, cisternae cerebellomedullaris, located between the cerebellum and medulla oblongata. It communicates with fourth ventricle through the median aperture and continues to subarachnoid space of the spinal cord.
• Cistern of lateral fossa, cisterna fossae lateralis, lies in the lateral sulcus between the insula, parietal, frontal and temporal lobes.
• Chiasmatic cistern, cisterna chiasmatis, is localized around optic chiasma.
• Interpeduncular cistern, cisterna interpeduncularis, is located behind the chiasmatic cistern.
• Pontocerebellar cistern, cisterna ponto-cerebellaris, lies in the region of pontocerebellar angle and communicates with the fourth ventricle through lateral aperture.
Avascular filiform outgrowths of arachnoid mater penetrates the sagittal sinus or diploetic veins and filters the blood and cerebrospinal fluid from subarachnoid space, called arachnoid granulations, granulationes arachnoidales (Pacchioni's granulations - a component of the blood-brain barrier).
Cerebrospinal fluid is produced predominantly by vascular plexus. In the most general terms circulation of liquor can be presented as follows: lateral ventricles – interventricular foramina (Monroe) - third ventricle – cerebral aqueduct - fourth ventricle - the median aperture (Magendie) and lateral apertures (Luschka) - subarachnoid space - venous system (through Pacchioni's granulations, perineural and perivascular spaces). The total amount of liquor in the brain ventricles and subarachnoid space in adult is about 100-150 ml. 


Questions of final control:
1. Parts of telencephalon.
2. Surfaces and lobes of each hemisphere and the boundaries between them.
3. Sulci and gyri of surfaces of hemispheres.
4. Classify all cortical ends of analysers of the brain.
5. Cyto- and myeloarhitectonics of cerebral cortex.
6. Cortical ends of first signaling system analyzers.
7. Cortical ends of second signaling system analyzers.
8. Meninges and intermeningeal spaces of the brain 

The program of independent work.

	Educational tasks
	Exact items

	1. To study the structure of endbrain and its derivatives.
	1. Name and show the derivatives of endbrain lobes, surfaces of cerebral hemispheres, boundaries of the lobes.

	2. To study the relief of cortex of cerebral hemispheres (sulci, gyri).
	1. Name and show gyri and sulci of hemispheres at all its surfaces.

	3. To study the structure of analyzer after I.P. Pavlov.
	1. Name and show all elements of analyzer after I.P. Pavlov.

	4. To study the structure of cortical end of analyzer
	1. Name and show the cortical ends of analyzers of I and II signaling systems.

	5. To study the structure of meninges of the brain. 
	1. Using the tables and wet specimens study the meninges of the brain and find intermeningeal spaces, sines of dura mater.



Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of relief of brain hemispheres (sulci and gyri), draw cerebrospinal fluid circulation scheme.

THEME 6 
BASAL GANGLIA. WHITE MATTER OF CEREBRAL HEMISPHERES. INTERNAL CAPSULE. LATERL VENTRICLES. RHINENCEPHALON. LIMBIC SYSTEM. PRODUCTION AND PATHWAYS OF CSF CIRCULATION.
 

Items for discussion

Basal ganglia: topography, parts and function. Striatum and pallium. White matter of hemispheres: classification. Corpus callosum, fornix, cerebral commissures. The internal capsule: parts, topography of conductive tracts in each part. Lateral ventricles: parts, their topography, walls, communications. Rhinencephalon: parts, their constituents. Limbic system of the brain. Production and pathways of circulation of cerebrospinal fluid.
Topicality of a theme.
Basal ganglia constitute a large part of the brain and functioning as suprasegmental centers of autonomic nervous system also as centers of extrapyramidal system as well as responsible for species-specific behavior. Many constituent parts of telencephalon are included in composition of the limbic system: basal ganglia, hippocampal gyrus, structures of rhinencephalon and others. Diseases of these formations lead to disorders in emotional and physical spheres important for physiologists, pathophysiologists as well as in clinic of Nervous Diseases, Psychiatry and related areas of medicine. 


Purpose of training.
To explore the location of basal nuclei of cerebral hemispheres, lateral ventricles, anatomy of rhinencephalon at the specimens of brain. Get an overview of its relationship with components of limbic system. Found the communications of the lateral ventricles with other cavities of the brain, the cerebrospinal fluid circulation. To ascertain practical significance.

The student should know: 
1. Latin terminology of the topic.
2. Phylo- and ontogenesis of nervous system. 
3. The nomenclature of basal nuclei, their classification and functions.
4. Components of rhinencephalon.
5. Phylogenetic parts of rhinencephalon, its anatomical units and topographic parts.
6. The definition of limbic system.
7. The structure and content of brain ventricles.
8. Circulation of cerebrospinal fluid: where and by what is produced, stages of passing the brain cavities, where, by what and where it is absorbed.
The student should be able to: 
1. Show the basal ganglia and their parts on wet specimens of the brain, on charts and artificial models.
2. Show on wet specimens, artificial models of the central and peripheral parts of rhinencephalon.
3.  Show parts of limbic system.
4. Show on the brain wet specimens, charts, artificial models the walls of lateral ventricles.
5. Show on the brain wet specimens, charts, artificial models the communication of lateral ventricles


Questions of initial level:
1. Parts of telencephalon.
2. Surfaces and lobes of each hemisphere, the boundaries between them.
3. Sulci and gyri of surfaces of cerebral hemispheres.
4. classify the cortical ends of analysers.
5. Cyto- and myeloarhitektonics of the cerebral cortex.
6. Cortical ends of analyzers of the first signaling system.
7. Cortical ends of analyzers of the second signaling system.
 

REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able to

	Anatomy: craniology.


	1. Structure of the skull base
	1. Show anatomical formations of the skull base.

	
	2. Boundarys and anatomical formations of anterior, middle and posteror cranial fossae.
	1. Show the boundarys of anterior, middle and posteror cranial fossae 

	Histology: embryology
	1. The structure of the cortex of the brain in layers.
	1. Explain the structure of the cortex of the brain in layers, to ascertain its functions.

	
	2. Ontogenesis of the nervous system
	2. To name the basic stages of ontogenesis of CNS.


 Practical equipment: skull, brain, horizontal section of the brain through corpus stiautm and thalamus, frontal section of the brain (basal nuclei), specimen of lateral ventricles of the brain. 
Self-dependent work
The main theoretical aspects (questions) of the topic.
On the specimens of the brain examine the anatomy of basal ganglia.
massive subcortical nuclei of telencephalon are named the basal ganglia. These include:
• striated body, corpus striatum;
• claustrum (“barrier”), claustrum;
• amygdaloid body, corpus amygdaloideum.
Striated body consists of caudate nucleus, nucleus caudatus, and lentiform nucleus, nucleus lentiformis. The thickening of anterior part of caudate nucleus named the head, posteriorly nucleus get narrow forming the body and tail.
Nucleus lentiformis has a wedge-shaped form. Its base faced outwards and the top directed inwards. Two thin medullary plates running parallel to the surface of the external border of nucleus lentiformis divide it into three parts. The outer part is called putamen. Two lighter in color internal segments together form globus pallidus ("pale globe). Anterior part of lentiform nucleus is directly connected with a head of caudate nucleus and dorsally between them there are thin gray stripes. The name of this anatomical formation is a "striated body". Medial surface of nucleus lentiformis forms an inner border of internal capsule, capsula interna.
Lateral surface of lentiform nucleus forms the external border of internal capsule, capsula externa.
Claustrum, claustrum, is a narrow plate of grey matter thickening in ventral direction and enters into a connection with substantia perforata anterior. Its medial surface is smooth and adjacent to the external capsule, while the lateral surface has small projections and forms the border of the extreme capsule, capsula extrema. It lies between the cortex of insula and claustrum.
The amygdaloid body is below to lentiform nucleus in the anterior section of temporal lobe. It is close to gyrus parahippocampalis and substantia perforata anterior.
Since the positions of the functional anatomy caudate and lentiform nuclei combine the notion striopallidar system of the brain. Striatum includes caudate nucleus and putamen, and Pallidum – globus pallidus.
Striatum is considered as a major receiptive field of striopallidar system because of strong flow of information received here.
The fibers from four main sources end in the striatum:
• neocortex;
• thalamus;
• substantia nigra;
• amygdaloid body.
Formations of striatum are linked with all cortical fields of cerebral hemispheres. The connection with sensomotor cortex especially expressed but the least connection with the visual cortex.
It was found that cortical neurons have the stimulatory action to neurons of striatum.
One of the most important neurotransmitter - dopamine is delivered to striatum from substantia nigra. And if the cortex stimulates, the substantia nigra inhibits the activity of striatum neurons.
The Links with the amygdaloid body provide interaction of striatum with a limbic system.
Axons of neurons of striatum essentially end at neurons of pallidum which have an inhibitory effect. Striatum and pallidum are the centers of extrapyramidal system. And neurons of globus pallidus have stimulatory effect on the spinal cord motor neurons, increasing physical activity.
The main function of striopallidar system is the regulation of voluntary motor reactions. Responsible for the regulation of such complex motor acts as walking, running, swimming, etc., which are implemented with the participation of various muscle groups. Striatum in charge of organization, providing them with automatic, energy calculatedly, while pallidum coordinating the tone and phase motor activity of muscles, provides powerful movement, accurate, but wasteful of energy. 
With its participation are made up: an optimal for target action posture, good balance between the tone muscles of antagonists and agonists, smoothness and coordination of movements in time and space. 
impairment of motor activity develops because of lesion of striopallidar system. It may take the form of hypokinesia, i.e. poverty, inexpressive movements. Hyperkinesia - the opposite type of disorder of motor responses (their strengthening).
The limbic system is an aggregate of brain structures involved in the regulation of vegetative functions, the maintenance of homeostasis, the formation of emotional behavioral reactions.
On the specimens of brain, charts and artificial models are used to examine the components of the limbic system. 
RHINENCEPHALON 
Topographically the rhinencephalon is divided into two parts: the central and peripheral.
Peripheral part include: 
• olfactory bulb, bulbus olfactorius;
• olfactory tract, tractus olfactorius;
• olfactory triangle, trigonum olfactorium;
• anterior perforated substance, substantia perforata anterior.
Central part:
• fornicate gyrus, gyrus fornicatus;
• dentate gyrus, gyrus dentatus;
• hippocampus, hyppocampus.
The main conduction tracts form a fornix of rhinencephalon, which begins in narrow fimbriae of cornu Ammoni. With each side they rise from the inferior horn of lateral ventricle to the splenium corporis callosi and continue with peduncles of fornix. Last converging forming a body of fornix which continues forwards up to the region of interventricular foramen, where they divided into columna fornicis. Columns of fornix known as the white cylinders pass of a curved arc in front of thalamus and immersed in the depth of brain and ending in mammillary bodies.
 

LIMBIC SYSTEM 

The limbic system includes a number of cortical and subcortical formations that form the "hippocampus circuit" (Papez circuit).
Cortical structures include:
1. Cingulate gyrus or upper limbic gyrus.
2. Parahippocampal gyrus or lower limbic gyrus.
3. Hippocampus.
4. Dentate gyrus. 
5. Fasciolar gyrus.
Subcortical formations of limbic system:
1. Olfactory bulb, tract and triangle.
2. Amygdaloid body.
3. Anterior and medial nuclei of thalamus.
4. Nuclei of septum pellucidum.
5. Habenular nuclei.
6. Mamillary bodies.
7. Interpeduncular nucleus of midbrain.
8. The central gray matter of cerebral aqueduct
9. The system of conduction tracts that connect these formations, with the main conduction tracts - a fornix.
 
Limbic system is closely connected with reticular formation of brainstem as structurally as functionally. Together they compose notion limbic-reticular complex.
In the limbic system enters entire sensory information from the intero- and exteroreceptors, including organs of sense. Thus here primary synthesis of information happens about the status of the body's internal environment and the influences to the organism of factors of outer environment and the basic needs are formed (for example, demand for water and food, self-defense, etc.). These requirements represent a biological motivation (motive - inducing) for a certain type of behavior (for example, search for food), which is accompanied by specific emotional overtones. Depending of the outcome emotions can be both positive and negative. Therefore, such behavior that has a specific biological cause - a motive and emotional overtone, was named emotional and motivational behavior. It is one of the basic fundamental functions of the limbic system. Satisfaction of biological needs is directed to maintain homeostasis and therefore, the survival of biological systems. Vegetative and endocrine systems provide control of internal environment and the limbic system provides the regulation of vegetative-visceral-humoral relations.
The level of consciousness and consequently, mental and motor activity, speech and attention, memory, the state of wakefulness and sleep depends from the state of the limbic system.
The lesion of the limbic system leads to marked changes in the emotional sphere, vegetative-endocrine disorders, sleep disruption, memory. Damage of one of the links in the limbic system lead to hard disorders of memory as a disorder of memorizing of current events. Traces of memory disappear within 2-3 minutes. Recently seen, read, heard and immediately forgotten, while the events of the past, taken in the healthy period, easily reproduced.

LATERAL VENTRICLES
 
Lateral ventricles, ventriculi laterales, are the cavities of telencephalon. There are left (1) and right (2) ventricles. Each of the ventricles consists of the following components: 
• anterior horn, located in the frontal lobe;
• central part which is located in the parietal lobe;
• posterior horn, which is in the occipital lobe;
• inferior horn, located in the temporal lobe.
The anterior horn, cornu anterius (frontale), limited anteriorly and superiorly by the crown of corpus callosum, inferiorly and externally by the head of caudate nucleus, medially by the plate of septum pellucidum. 
The central part, pars centralis, limited superiorly by the crown of corpus callosum; externally by the body of caudate nucleus; inferiorly by the stria terminalis, lateral surface of thalamus and vascular plexus of lateral ventricle; medially by the body of fornix. 
Posterior horn, cornu posterius, (triangular shaped) limited superiorly and externally by fibers of corpus callosum; medialy by bulb of posterior horn (eminpression of sulcus parietooccipitalis), and calcar avis (through eminpression of sulcus calcarinus). 
Inferior horn, cornu inferius, limited superiorly and externally by corpus callosus fibers (tapes); inferiorly by collateral triangle, collateral elevation (through eminpression of sulcus collateralis); medially by hippocampus, hippocampus (leg of seahorse or cornu Ammoni), and vascular plexus, plexus chorioideus, anteriorly by amygdaloid body. Hippocampus is formed by the deep inpression outside from sulcus hippocampi. It runs a curved arch externally and anteriorly, becomes wider to the anterior end of the lower horns and ends there by several eminences, digitationes hippocampi, separated from each other by fissures. Plexus chorioideus ventriculi lateralis, which extends from the lower horn in pars centralis is highly developed on the boundary of these two divisions and named chorioid glomus here, glomus chorioideum. In the inferior horn the vascular plexus is a part of the medial wall. From the central part the vascular plexus continues anterior and deep, toward the anterior horn and through foramen interventriculare (Monroi) continues in the third ventricle. 

Questions for final control:
1. Basal ganglia.
2. Striopallidar system.
3. Capsules of the brain.
4. Rhinencephalon.
5. Characteristics of the limbic system.
6. Lateral ventricles: parts, walls, communication.
7. Pathways of circulation of CSF.


The program of independent work.

Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of cerebral hemispheres at the horizontal section through striated body and thalamus: topography of conducting pathways in internal capsule, schema of production and circulation of cerebrospinal fluid.

THEME 7 
CLASSIFICATION OF CONDUCTIVE TRACTS OF THE BRAIN AND SPINAL CORD. ASCENDING TRACTS 


Items for discussion

Conductive tracts - definition. Anatomic-functional classification of conductive tracts of the central nervous system: associative tracts (short and long), commissural сonductive tracts, projection conduction tracts (ascending and descending). Ascending (afferent) conduction tracts: exteroceptive, proprioceptive, interoceptive.

Topicality of a theme.

Integration of the brain and spinal cord is carried out through the conduction tracts. Organic damage of brain and spinal cord conduction tracts leads to serious consequences (loss of function of various departments of CNS). Therefore, knowledge of conduction tracts of brain and spinal cord form the basis of understanding of neurological diseases.

Purpose of training.

to classify conduction tracts (associative, commissural and projection); have a clear idea of passage of these tracts, localization of nerve centers; to learn how to read the schemes. Be competent in demonstration of topography in the internal capsule of the brain and localize them in funiculi of spinal cord. 

The student should know:
1. Latin terminology of the topic.
2. Phylo- and ontogenesis of nervous system.
3. Classification of conduction tracts of brain and spinal cord.
4. The general characteristic of conduction tracts of brain and spinal cord.
5. Topography of conduction tracts.
6. Ascending conduction tracts, their classification and characteristics.
 

The student should be able to: 
1. Demonstrate on wet specimens and charts the passage of conduction tracts.
2. Show cortical localization of centers of various analyzers.
3. 3. Give the classification and description of ascending conduction tracts.
4. Show their projection on internal capsule, localization in brainstem and funiculi of spinal cord.


Questions of initial level:
1. Basal ganglia.
2. Striopallidar system.
3. Capsules of the brain.
4. Rhinencephalon. 
5. Characteristics of the limbic system.
6. Lateral ventricles: parts walls, communication.
7. Pathways of circulation of CSF.


REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able to

	Anatomy: neurology.


	1. External and internal structure of spinal cord.
	1. Show anatomical formations, structure of grey and white matter of spinal cord.

	
	2. External and internal structure of barrel part of brain.
	2. Show anatomical formations, structure of grey and white matter of different departments of brainstem.

	
	3. Anatomic structure of endbrain
	3. Sensory centers of endbrain (cortical analyzers)

	Histology: embryology
	1. Ontogenesis of the nervous system
	1. To name the basic stages of ontogenesis of CNS.



Practical equipment: skeleton, brain and spinal cord, brain sagittal, horizontal of spinal cord, sections of medulla oblongata, pons, cerebellum and midbrain.

Self-dependent work
Major theoretical aspects (questions) of the topic.
During studying of this theme briefly repeat using wet specimens previously studied material: morphology of the brain and spinal cord and all their structures.
Learn the classification of conduction tracts of the brain and spinal cord.

In description of each tract to ascertain the amount of neurons and their location, location of crossings, ending in the cortex.
The main theoretical aspects (questions) of the topic.
Conductive tracts are the chain of neurons connecting functionally homogeneous grey matter in the central nervous system, holding in white and grey matter of brain and spinal cord certain places and conducting the same impulses. 
Conductive tracts are the part of the complex reflex arcs that connect between the various divisions of the central nervous system and provide two-way functional relationship between individual structures of brain and spinal cord. They are numerous, complex in structure and functioning reliably.
Depending of the size, shape and direction of a nerve impulse conduction tract receive the title: the tracts (tractus), bundle (fasciculus), fiber (fibrae), commissure (commissura), loop (lemniscus) or radiation (radiatio). All the central nervous system conduction tracts are divided into three groups: 
1. Projection.
2. Commissural. 
3. Associative. 
In the process of ontogenesis of conducting system projection conduction tract is initially formed and then commissural and associative. 
Associative conduction tracts connect the area of cortex in one hemisphere. 
There are: 
A. Short fibres, arcuate fibres, fibrae arcuatae cerebri, which connect cortical fields of neighboring gyri. 
B. Long fibers that connect remote cortical fields of far gyri (upper longitudinal bundle, fasciculus longitudinalis superior, lower longitudinal bundle, fasciculus longitudinalis inferior, cingulum, cingulum, uncinate bundle, fasciculus uncinatus). 
Commissural tracts connect symmetrical parts for left and right hemispheres. They include: 
1. Corpus callosum, corpus callosum. 
2. The anterior commissura, commissura anterior. It belongs to rhinencephalon. 
3. Commissura of fornix, commissura hippocampi (fornicis). Connect cortical fields of hippocampus for left and right hemispheres. 
4. Posterior comissura, comissura posterior. 
5. Habenular comissura, comissura habenulare. 
6. Interthalamic adhesion, adhesio interthalamica. 
Projection tracts connect cortex with subcortical centers and with spinal cord. 
Projection conduction tracts connect the brain cortex with its underlying divisions (short conduction tracts) and the spinal cord (long conduction tracts). 
At the direction of passage of nerve impulses, the conduction tract is divided into two groups: 
• afferent (ascending, centripetal, sensory), transmit nervous impulse from receptors that receive the information from the outer environment or body's internal environment to the various parts of brain and cerebral hemispheres; 
• efferent (descending, centrifugal, motor), impulse transmission from cerebral cortex and its other parts to the periphery. 
SENSORY CONDUCTION TRACTS
Under the sense to understand the body's ability to perceive the irritant effects of external and internal environment. 
Type of sense determined by the nature of irritation receptor is perceived. The following types of the receptors are distinguished exteroreceptors (tactile, pain, temperature), located in the skin and mucous membrane. Proprioreceptors (musculo-joint, vibrating, feeling the pressure and weight) that are in the muscles, tendons, ligaments, joint capsules. Visceroreceptors (internal organs and vessels sense), located in various internal organs and vessels. 
Depending on the type of sense afferent conduction tracts are divided into: 
• exteroceptive (contact and distant) 
• proprioceptive (conscious - cortical and unconscious - cerebellar), 
• interoceptive. 
Those that finish in cortex of the brain are known conductors of conscious sense or conduction tracts of cortical direction. 
The foiiowing is typical for sensory tracts of cortical directions: 
1. Presence of 3 neurons. 
2. 1st neuron represented by pseudounipolar neurons with cellbody located in the spinal ganglion, and peripheral process form receptors. 
3. Bodies of 2nd neuron located in the nuclei of medulla oblongata or spinal cord. 
4. Axons of 3rd neurons form (usually) a cross.
5. Most axons of 2nd neurons pass to thalamus in the composition of medial lemniscus.

6. Fibres of these conduction tracts are located, usually in the dorsal brain stem divisions.
7. The bodies of 3rd neurons are located in lateral parts of thalamus. 
8. All of them pass in the middle third of posterior limb of internal capsule. 
9. Axons of 3rd neuron on the way form or pass in cortex in the composition of corona radiata. 

SENSORY CONDUCTION TRACTS OF CORTICAL DIRECTION 
The first neurons (receptor) of sensory conduction tracts located outside the brain and spinal cord in sensory ganglia. This are spinal ganglia or sensory ganglia of cranial nerves. 
Tractus spinobulbothalamocorticalis (gangliobulbothalamocorticalis) gracilis (Goll’s) et cuneatus (Burdach’s). 
The conduction tract of Goll and Burdach - sensory, conscientious, 3 neurons, fully crossed, transmits proprioceptive sense from the muscles, joints and ligaments and also conducts tactile sense (sense of stereognosis - recognition of objects by touch) from the skin. 1st neuron is located in the spinal ganglion and represented by pseudounipolar cell: its dendrite located in spinal nerve goes to the periphery and comes to skin, muscles, joints and ligaments, where it ends on a receptor. Axon of first neuron form posterior roots, but not entering a grey matter of posterior horns and goes to the posterior funiculus of spinal cord. Axons of lower 19 segments of spinal cord form conduction tracts of Goll – thin - fasciculus gracilis, it is located medially, but from the upper 12 segments - conduction tracts of Burdach - cuneate - fasciculus cuneatus. These conduction tracts reach to medulla oblongata were end in the corresponding (of the same name) nuclei fomed by the second neurons. Axons of second neurons are making in the interolival layer of medulla oblongata the full cross (decussatio lemniscorum) and continue to form a medial lemniscus, lemniscus medialis (tractus bulbothalamicus). Fibres of medial lemniscus pass through the pons, the midbrain here located in tegmentum, laterally to red nucleus and ends in cells of lateral nucleus (nucleus lateralis) of thalamus (thalamus). Here is the body of 3rd neuron. From the thalamus processes of 3rd neuron, pass through the posterior limb of internal capsule and sent to the cortex of cerebral hemispheres (cortical ends of analyzers) as 3 bandles: 
1st pass to the precentral gyrus and ends at Bets`s lobule (transmit proprioceptive sense); 
2nd ends in postcentral gyrus (transmit tactile sense from the skin). 
3rd terminates in the superior parietal lobule (transmit sense of stereognosis). 
Tractus spinothalamocorticalis anterior et lateralis. 
The cellbody of 1st neurons is located in the spinal ganglia. Peripheral processes of pseudounipolar neurons pass to receptors located in skin of the trunk and extremities and central processes in the composition of posterior roots enter the posterior horns of grey matter where conductors of tactile sense switch on the cells of gelatinous substance (tractus spinothalamocorticalis anterior); conductors of pain and temperature sense switch on the cells of proper nucleus of posterior horn (tractus spinothalamocorticalis lateralis). Axons of 2nd neurons of these nuclei pass to the opposite side to come into the lateral and anterior funiculi of white matter. Axons of proper nucleus of posterior horn continue in the lateral funiculus as tr. spino-thalamicus lateralis. Axons of gelatinous substance neurons pass in anterior funiculus as tr. spino-thalamicus anterior. After passing through the spinal cord, medulla oblongata, they participate in formation of medial lemniscus; and in its composition pass to the pons, tegmentum of cerebral peduncles and reach to thalamic lateral nucleus, where the cellbody of 3rd neurons is located. Its axons constitute tr. thalamo-corticalis, which pass through the posterior limb of internal capsule and terminates at the cortex of postcentral gyrus (stereognosis conductors - at the superior parietal lobule). Part of conductors of tactile sense is also passed in composition of posterior funiculi of spinal cord together with proprioceptive tracts. 

Medial lemniscus formed by axons of second neurons of proprio- and exteroceptive sense conduction tracts of the opposite side. 

PROPRIOCEPTIVE CONDUCTION TRACTS TO CEREBELLUM 
Proprioceptive conduction tracts to cerebellum compose the great part of reflex apparatus, which function is equilibrium (unconsciously coordinate movements). They transmit unconscious musculo-articular sense of motor apparatus receptors, are involved in regulation of muscle tone. 

Tractus spinocerebellaris anterior (Gowers'). 
Sensory, unconscious, 2-neurons, fully crossed. Transmit proprioceptive sense from the muscles, joints and ligaments to the cerebellum. 
1st neuron is in the spinal ganglion and represented by pseudounipolar neuron. Dendrites pass to the periphery in the composition of spinal nerve and terminate in the receptors of the muscles, articular capsules and ligaments. Axons composing posterior roots pass to the spinal cord in the intermediate zone and reach to nucleus intermediomedialis. Here the second neurons are located. Axons of second neurons are fully crossed and pass to the opposite side through comissura alba anterior. Then they pass to superior medullary velum and here make the second cross. Thus, the conduction tract becomes fully double-crossed. Through the superior cerebral peduncles it enters the cerebellum and terminates in the cortex of vermis. 

Tractus spinocerebellaris posterior (Flechsig's). 
This sensory, 2 neurons, unconscious, is not crossed. Organized by unconscious proprioceptive sense of the muscles, joints and ligaments. 1-st neuron is located in the spinal ganglia and represented by pseudounipolar cells. Dendrites pass to the periphery in the composition of spinal nerves and axons in the composition of posterior spinal roots pass to posterior horn of gray matter of spinal cord were terminate in the nucleus thoracicus (Clarke`s). Here the second neuron is located. Processes of 2nd neuron pass in lateral funiculus of the same side, rise up, pass through medulla oblongata and through the inferior cerebellar peduncles enter the cerebellum finishing in the cortex of vermis. Both of these conduction tracts (posterior and anterior) are involved in maintaining of balance, maintaining muscle tone, muscular coordination, overcoming of inertia and gravity. 

Questions for final control: 
1. Classification of conduction tracts of brain and spinal cord. 
2. Classification of associative conduction tracts and their characteristic. 
3. Classification and characterization of commissural conduction tracts. 
4. Classification and characteristic ascending conduction tracts. 
5. General characteristics of conscious conduction tracts. 
6. General characteristics of unconscious conduction tracts. 

The program of independent work.
	Educational tasks
	Exact items

	1. To study classification of  conduction tracts of brain and spinal cord.
	1. Name the conduction tracts of brain and spinal cord in accordance with classification and show them on specimens and charts.

	2. To study the structure of sensory tracts.
	1. Name, show and describe pathway of ascending sensory tracts. Give the general description.

	3. To study the structure of medial lemniscus
	1. Show using the specimens location of medial lemniscus.

	4. To repeat localization of cortical ends of basic analyzers.
	1. Show the localization of cortical ends of different analyzers.

	5. To repeat localization of sensory tracts in the funiculi of spinal cord.
	1. Show and name the sensory tracts passing in corresponding funiculi of spinal cord.

	6. To repeat the topography of sensory tracts in the internal capsule.
	1. Name the sensory tracts forming the internal capsule.



Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of commissural, associative and ascending conduction tracts of cortical and cerebellar direction.

THEME 8 
DESCENDING CONDUCTION TRACTS OF BRAIN AND SPINAL CORD

Items for discussion
Descending (efferent) conduction tracts: Pyramidal, extrapyramidal and corticopontocerebellar. Pyramidal motor system (centers, conduction tracts). Extrapyramidal system (centers, conduction tracts). At the practical occupation, student must pass up a computer objective test 30 clinical situational tasks of the central nervous system topic. 

Topicality of a theme.
Efferent pathways conduct nerve impulses from various centers of the brain to motor and secretory formations. Pyramidal pathways serve in voluntary management of skeletal muscles contraction. Extrapyramidal system provides automatic involuntary movement, the highest unconditional reflexes, muscle tone and willingness for contraction. Organic lesion of conduction tracts leads to severe consequences (loss of functions of various CNS departments), so knowledge of conducting tracts, anatomy of brain and spinal cord forms the basis of understanding of neurological diseases. 

Purpose of training.
To study classification of descending conducting tracts (pyramidal and extrapyramidal). Have a clear idea of passage of these pathways, the localization of nerve centers, to read schemes of pathways. Be competent to show the location of conduction tracts in the internal capsule and localization in the brainstem and in funiculi of spinal cord. 

The student should know: 
1. Latin terminology of the topic. 
2. Phylo- and ontogenesis of nervous system. 
3. Classification conducting tracts of brain and spinal cord. 
4. The general principles of descending conducting tracts structure. 
5. Descending conduction tracts, their classification and characterization. 

The student should be able to: 
1. Demonstrate on specimens and charts, the passage of conduction tracts. 
2. Show cortical localization of different analyzers. 
3. Give characterization and classification of descending conducting tracts. 
4. Show their projection on the internal capsule, localization on spinal cord funiculi and sections of brainstem. 

Questions of initial level: 
1. Classification of conduction tracts of brain and spinal cord. 
2. Classification and characterization of associative conducting tracts. 
3. Classification and characterization commissural conducting tracts. 
4. Classification and characterization of ascending conducting tracts. 
5. General characterization of conscious sensory conducting tracts. 
6. Overview of the unconscious sensory conducting tracts. 

REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able to

	Anatomy: neurology.


	1. External and internal structure of spinal cord.
	1. Show anatomical formations, structure of grey and white matter of spinal cord.

	
	2. External and internal structure of barrel part of brain.
	2. Show anatomical formations, structure of grey and white matter of different departments of brainstem.

	
	3. Anatomic structure of endbrain
	3. Sensory centers of endbrain (cortical analyzers)

	Histology: embryology
	1. Ontogenesis of the nervous system
	1. To name the basic stages of ontogenesis of CNS.



Practical equipment: the skeleton, brain and spinal cord, brain sagittal section, horizontal section of spinal cord, medulla oblongata, pons, cerebellum and midbrain. 

Self-dependent work
The main theoretical aspects (questions) of topic. 
To study the descending (conscious and unconscious) motor conducting tracts (classification, characterization) in details and to discuss the pathways of pyramidal and extrapyramidal system. 

MOTOR (EFFERENT) CONDUCTING TRACTS
Efferent pathways transmit nervous impulse from various centers of brain to the working organ (muscle, gland). In human’s efferent conduction tract begins direct from the cortex of cerebral hemispheres where the bodies of central neurons are located. These pathways are conscious conductors of motor impulses to the skeletal musculature and unite the notion of pyramidal system. Intermediate nuclei of brainstem (red nucleus, nuclei of the roof of midbrain, nuclei of reticular formation, olive nucleus and lateral vestibular nucleus) are considered as the beginning of efferent conduction tracts that send unconscious motor impulses to skeletal musculature and are the part of extrapyramidal system. Cerebellum realizes its connections with the spinal cord through these brainstem nuclei. All descending conduction tracts end at the bodies and dendrites of neurons in motor nuclei of anterior horns grey matter of spinal cord or motor nuclei of cranial nerves (peripheral neurons). 
Thus, all efferent conduction tracts are divided into two groups: 
1. Pyramidal tracts. 
2. Extrapyramidal tracts. 

PYRAMIDAL TRACTS
Pyramidal tracts transmit conscious (voluntary) motor impulses, as well as inhibitory impulses from the cortex of the brain to motor neurons of cranial nerves nuclei and motor neurons of the anterior horn nuclei in the grey matter of spinal cord. 
The characteristics of pyramidal tract are: 
1. Presence of 2 neurons. 
2. 1st neuron is a pyramidal cells of Bets (5th layer of cortex of precentral gyrus). 
3. In the cerebral hemisphere the fibers pass in composition of corona radiata and internal capsule located in the genu and anterior 2/3 of its posterior limb. 
4. In the brainstem the fibers follow ventral part consistently passing cerebral peduncles to the pons and medulla oblongata. 
5. at the boundary with spinal cord 80% of fibers moving to the other side form a lower cross (decussatio pyramidum). 
6. In the spinal cord pyramidal tracts are located in the anterior and lateral funiculi. 
7. cellbodies of 2nd neurons located in the motor nuclei of anterior horn in the grey matter of spinal cord or motor nuclei of cranial nerves. 
Depending on the destination the pyramidal conduction tracts are divided into two groups: 
• cortico-nuclear conduction tract, tractus corticonuclearis (corticobulbaris); 
• cortico-spinal conduction tract, tractus corticospinalis (pyramidalis). 

Tractus corticonuclearis (corticobulbaris). 
This is motor tract conscious, partly crossed. Transmit motor conscious impulses from cerebral cortex to muscles of the head, face and neck through the nuclei of cranial nerves. 
1st neuron is located in precentral gyrus and Bets`s lobule (lobules paracentralis). It represented by pyramidal cells that are in the 5th and 6th layers of cortex. Dendrites are involved in formation of intracerebral connections, and axons pass to the white matter through the genu of internal capsule exit from hemispheres. Then they pass to cerebral peduncles, to the pons and further to medulla oblongata. Part of fibers terminates in the brainstem at motor nuclei of cranial nerves. All nuclei except nuclei of VII and XII CN receive half-crossed fibers. The nuclei of VII and XII cranial nerves receive fibers only from the opposite side (that is fully crossed). 
2nd neuron is located in the nuclei of CN: 
In the midbrain are nuclei of: 
III pair - nucleus motorius n. oculomotorius; 
IV pair - nucleus motorius n. trochlearis; 
In the pons are nuclei of: 
V pair - nucleus motorius n. trigemini; 
VI pair - nucleus motorius n. abducentis; 
VII pair - nucleus motorius n. facialis; 
In the medulla oblongata are nuclei of: 
IX, X, XI pairs - nucleus ambiguus; 
XII pair - nucleus motorius n. hypoglossi. 
Processes of 2nd neuron pass to periphery in the composition of cranial nerves and come to striated muscles of face, cheeks, head, on which form the motor plaque. 
Tractus corticospinalis (pyramidalis). 
Conscious, motor, consists of 2 neurons, fully crossed. Transmit conscious impulses from the cortex to striated muscles. 
1st neuron is located in the cortex of precentral gyrus and Bets`s lobule and is a pyramidal cell of 5th and 6th layers of cortex. Dendrites form synapses in the cortex and axons pass in white matter of hemispheres and exit from them through the anterior part of posterior limb of internal capsule. Then they pass to the base of cerebral peduncles and at the basal part of pons varolii, enters medulla oblongata in its pyramids. On the boundary with a spinal cord, makes partial cross (decussatio pyramidalum) and is divided into 2 pathways: 
1) crossed fibers pass to the lateral funiculi, forming a tr. corticospinalis lateralis; 
2) uncrossed fibers pass to anterior funiculi, forming tr. corticospinalis anterior. Both pathways pass to anterior horn, and end on the cells of motor nuclei, which are the 2nd neurons. Uncrossed fibers (tr. corticospinalis anterior) make cross in white commissure comissura alba. Thus, the conduction tract became fully crossed. Axons of 2nd neurons exit from the spinal cord in anterior roots, then consisting of spinal nerves go to the periphery and end by motor plaques in the muscles. 

EXTRAPYRAMIDAL TRACTS
Extrapyramidal system is older, compared with pyramidal motor system. In lower vertebrates (in fish) extrapyramidal system is a leading, providing them with relatively simple movement. Then, as the forebrain develops and  differentiation of neocortex happens, in animals a new pyramidal cortical system is formed, it corresponds to a new form of movement, increasingly limited to certain muscle groups. Extrapyramidal system provides in human muscles tonus, their state of preparedness to reduction, automatic movement. The main center extapyramidal system is striated body (striatum and pallidum). Towards the spinal cord, fibers from these nuclei switch on the intermediate points: the red nucleus, the substantia nigra, subthalamic nucleus, dentate nucleus of cerebellum, etc. From the striatum (caudate nucleus and putamen of lentiform nucleus) fibers pass to pallidum (globus pallidus); they are striopallidar fibers. From pallidum are pass: tr. Pallido-rubralis (to the red nucleus), tr.pallido-nigralis (to the substantia nigra), tr.pallido-subthalamicus (to n.subthalamicus n. hypothalami post, corp.Luisii) From  nucl. subthalamicus pass conduction tract to the red nucleus (tr. subthalamico-rubralis). Substantia nigra also connected to the red nucleus. The red nucleus is the leading intermediate center of extrapyramidal system. It starts from tr. rubrospinalis (Monakow's pathway) to the spinal cord. 
With the lesion of the various centers of extrapyramidal system in human occurs hyperkinesis, hypokinesis, constrain movements, tremulous paralysis, parkinsonism. 
Sensory impulses are transmitted to striated body through the thalamus: tr.thalamo-strialis, tr. thalamo-pallidalis, which pass from the medial nucleus of thalamus. Through the thalamus on extrapyramidal system influence to cortex is transmitted (tr. corticothalamicus - to the medial thalamic nucleus, and from it tr. thalamostrialis, tr. thalamopallidalis. 

Tractus rubrospinalis (Monakow`s). 
Motor, unconscious, completely crossed. Transmit the unconscious impulses from red nucleus to all striated muscles. In the red nucleus, fibers are collected from the whole extrapyramidal system (striated body, substantia nigra, dentate nucleus). 
1st neuron is located in the red nucleus of cerebral peduncles tegmentum. Axons here fully pass on the opposite side - a complete anterior tegmental cross of Forel (decussatio tegmentalis anterior). After crossing fibers enter the pons, medulla oblongata, and then pass to the lateral funiculi of spinal cord. In the brainstem from the tract the fibers separate to the motor nuclei of CN (III, IV, V, VI, VII, IX, X, XI, XII pairs). 
In the spinal cord fibers enter in each segment at the anterior horn and end at the motor nuclei. Thus, the second neurons are located in the motor nuclei of CN and in the nuclei of anterior horn of spinal cord.
Axons of second neurons in composition of CN and spinal nerves pass to the periphery to the striated muscles. With this pathway regulation of automatic movement happen unconsciously. 

Tractus tectospinalis. 
Is motor, unconscious, consists of 2 neurons, fully crossed. Transmit motor unconscious impulses from the upper and lower tubercles of lamina quadrigemina (subcortical centers of hearing and vision) to all striated muscles. 1st neuron is located in tubercles of lamina quadrigemina. Their axons here moving to the opposite side - posterior tegmental cross, decussatio tegmeni dorsalis seu Meinetri. Fibres pass to the pons, medulla oblongata, spinal cord, ending on the cells of motor nuclei of anterior horn. On the way the fiber comes to the motor nuclei of CN. Thus 2nd neuron is presented by motor nuclei of CN as anterior horn nuclei of spinal cord. In composition of CN and spinal nerves the processes of 2nd neurons terminate by plaques at the striated muscles. By this pathway unconscious motor reaction to light and sound irritations (signal machines, flash) is carried out. 

Tractus vestibulospinalis. 
Unconscious, motor, of 2 neurons, fully crossed. Transmit motor impulses from the lateral vestibular nuclei to striated muscles. 1st neuron is located in the lateral vestibular nucleus. Fibres make full cross in medulla oblongata and then pass in the lateral and anterior funiculi of spinal cord. Here they finish on motor nuclei of the spinal cord (2nd neuron). Exit from spinal cord with anterior roots of spinal nerves, and then pass to striated muscles. By this pathway happen coordination of body movements, maintaining of body position.


RELATIONSHIP OF CEREBRAL CORTEX WITH CORTEX OF CEREBELLUM
1). Fronto-ponto-cerebellar conduction tract - tractus fronto-ponto-cerebellaris; 
2). Temporo-ponto-cerebellar - tractus temporo-ponto-cerebellaris; 
3). Occipito-ponto-cerebellar - tractus occipito-ponto-cerebellaris. 

1st neuron is in the frontal, temporal, occipital lobes respectively. Fibers pass through the internal capsule, base of cerebral peduncles. Enter the base of the pons, where they make a complete cross and end on nuclei proprii of the pons. This is 2nd neuron. Processes of 2nd neuron by the middle cerebral peduncles, reach the cortex of cerebellum, where they end. 

Questions of final control: 
1. Give the classification and description of descending conduction tracts. 
2. The general principles of the structure and functioning of pyramidal pathways. 
3. General principles of structure and functioning of extrapyramidal pathways. 
4. Determine the location of conduction tracts in the internal capsule. Localization on the sections of brainstem. 
5. Topography of conduction tracts in funiculi of spinal cord. 

Self-training program
	Educational tasks
	Exact items

	1. To study classification of conduction pathways of the brain and spinal cord.
	1. Name conduction pathways of the brain and spinal cord according to classification.

2. Show their passage on charts and wet specimens.

	2. To study structure of the motor tracts (pyramidal and extrapyramidal).
	1. Name, demonstrate and describe the passage of descending conduction pathways.

2. Give their general characteristics.

	3. To study their localization at the spinal cord funiculi. 
	1. Demonstrate and name in what funiculi of the spinal cord the descending conduction tracts are pass through.

	4. To study their projection on internal capsule.
	1. Demonstrate and name the projection of the motor conduction tracts on internal capsule.

	5. To study localization of the cortical ends of analysers.
	1. Demonstrate and name the localization of cortical ends of analysers.


Write an abstract to all items of independent work in notebooks: write down the dictionary of anatomic terms, draw the chart of the pyramidal conduction tracts, the structure of extrapyramidal system, motor tracts from the brainstem nuclei, descending conduction tracts from cerebellum.

semantic module 15
anatomy of sense organs
theme 9
Sense organs. Skin and its derivatIves;
Organ of taste; Organ OF SMELL.

Items for discussion
Skin: functions, variants of skin sense, structure, its derivatives (nails, hairs). Mammary gland. Olfactory organ. Conducting tracts of olfactory analyzer. Organ of taste. Conducting tracts of taste analyzer.
Topicality of a theme
It is necessary to know that the interaction of an organism with its external environment is carried out by sense organs. In the skin and mucous membranes of the nasal and oral cavities, a complex of receptors is present for the perception of various irritations of the natural surroundings (touch, pressure, temperature, taste, smell etc.). Energy of external (or internal) irritant in receptors is transformed to nervous impulses which act in the CNS and provide the corresponding feelings. Disorders in one area of analyzer (receptor, conducting tracts and central parts), results in distortion or complete loss of perception. This can in turn lead to serious psychological and emotional disorders. Therefore knowledge of structural features of skin sense, olfactory and taste analyzers is essential for doctors of different specialties to ensure correct diagnosis and treatment of different types of sense disorders.
Purpose of training
To be able to find, name and show on specimens  the structures of taste and olfactory analyzers, elements of conductive tracts of skin sense. To topographically ascertain the localization of pathological processes when different types of senses are violated. To know the cortical centers of these analyzers.
The student should know:
1. Latin terminology of this theme.
2. Onto- and phylogenesis of sense organs.
3. Structure of skin and its derivates.
4. Development, structure, topography and function of mammary glands.
5. Conducting tracts of tactile sense and sense of stereognosis.
6. Conducting tracts of pain and temperature senses.
7. Localization of receptors and conducting tract of olfactory analyzer.
8. Localization of receptors and conducting tract of taste analyzer.
The student should able:
1. To show and name the olfactory area of the nose.
2. To show localization and specify function of lingual papillae.
3. To show the localization of neurons of all tracts concerned with skin sense.
4. To indicate the cortical ends of all of types of skin sense on specimens  of the brain.
5. To show on specimens  the lobules of mammary gland, lactiferous ducts.
6. To show and describe the receptor, conducting tracts and cortical areas of olfactory analyzer.
7. To show and describe the receptor, conducting tracts and cortical areas of taste analyzer.
Questions of initial level:
1. Onto- and phylogenesis of the nervous system.
2. Characteristic and classification of the nervous system.
3. Elements of the nervous system. Classification of neurons.
4. Structure, topography and function of central and peripheral departments of the nervous system.
5. Structure of spinal cord, intervertebral spinal ganglia.
6. Characteristics of nuclei of dorsal horns of the spinal cord.
7. Structure of medulla oblongata.
8. Subcortical centers of sense in thalamus.

RENEWAL OF MAIN KNOWLEDGE ON PREVIOUSLY STUDIED THEMES AND DISCIPLINES
	Discipline
	Student must know
	Student must be able

	Anatomy of the digestive system.
	1. Structure of the tongue; relief of its mucous tunic.
	1. To explain localization and functions of different lingual papillae.

	Anatomy of the respiratory system.
	1. Structure of the nasal cavity; nasal meatuses.
	1. To find on a skull and wet specimens, the peripheral part of the organ of smell (superior nasal meatus).

	Anatomy of the central nervous system.
	1. Anatomical structure of the spinal cord.


	1. To explain the structure of the spinal cord and spinal ganglia.

	
	2. Anatomical structure of the brain.
	1. To characterize nuclei of posterior horn of spinal cord; medulla oblongata.

2. To explain subcortical sensory centers in thalamus.

3. To explain cortical centers of all types of skin sense; their localization and characteristic.

4. To explain cortical centers of taste and smell, their localization and characteristic.

	Histology.
	1. An ontogenesis of sense organs.
	1. To say the main stages of ontogenesis of sense organs.

	Biology.
	1. Phylogenesis of sense organs.
	1. To say the main stages of phylogenesis of sense organs.


Practical equipment: charts, models, sagittal section of head, and a tongue.
Self-dependent work
To get a clear idea from textbooks, that sense organs or analyzers are named devices through which the nervous system gets irritations from the external environment and body organs, and perceives these irritations as feelings.
There are six known analyzers: touching, hearing, vision, taste, sense of smell and gravity, providing the process of perceptible cognition.
One of the most difficult sense systems of an organism is the skin (cutis). Average surface area of adult skin is approximately 1.5-1.8 m2. It has receptors of pain, cold, fear, touch, pressure and vibration. In addition, the skin executes a number of significant functions: breathing, thermoregulation, excretion (sweat, fat) together with which harmful matter is removed.
To master that the skin consists of superficial epithelial layer – epidermis (epidermis), and deep layer called the proper skin or derma [corium (dermis)]. Tissues of the skin are connected by subcutaneous tissue in between which fibers of connective tissue- fatty tissue is located. Two layers can be distinguished in the epidermis- a superficial layer, consisting of flat keratinizing cells and a deeper layer of growth (Malpighi), containing the pigment of skin. The derma consists of connective tissue fibers, elastic and nonstriated muscular fibers (musculi erectors pili), located in two layers: papillary and reticular. The papillary layer enters into the epidermis and contains blood, lymphatic capillaries and nervous endings. At the tips of papillae, formative crests, the excretory ducts of sweat glands open.
To get a clear idea that hair (pili) and nails (ungues) are derivates of skin; in hair, a root submerged in skin and a free shaft above the skin can be distinguished. Nails consist of nail plate and nail matrix, from where the nail growth.
In examining the general structure of skin, it is necessary to consider the receptor department of the analyzer of sense (touch, temperature, pain, stereognosis). Receptors of the skin are sensory nervous endings of peripheral processes of pseudounipolar cells of spinal ganglia.
Tactile sense and sense of stereognosis are conducted by the spinobulbotalamocortical (gangliobulbotalamocortical) tract of Goll and Burdach. These pathways are voluntary, have 3 neurons and are fully crossed.
1st neuron – in spinal ganglia;
2nd neuron – in nuclei of Goll and Burdach (gracilis and cuneatus) in medulla oblongata;
3rd neuron – in the lateral nucleus of the thalamus.
The cortical end of analyzer is located in the postcentral gyrus (tactile sense) and in the superior parietal lobule (sense of stereognosis).
Pain, temperature and tactile sensations are conducted by tractus spinothalamicus. This pathway is voluntary, has 3 neurons and is fully crossed.
1st neuron – in spinal ganglia;
2nd neuron – in the proper nuclei of the spinal cord;
3rd neuron – in the lateral nuclei of the thalamus.
Cortical end of analyzer – in the postcentral gyrus.
There three types of glands are found in skin – sebaceous, sweat and mammary.

To study structure and topography of the mammary gland on a corpse.

Mammary glands [mammae (mastes)] are derivatives of sweat glands. Disposed on fascia of great pectoral muscle from the 3rd to 7th ribs and extending medially to the sternal margin. Approximately on the mid-point of the gland a nipple (papilla mammae) is situated which is surrounded by an areola (areola mammae).
Note that the body of the mammary gland is enclosed in a capsule formed by superficial fascia, and consists of 15-20 lobules, separated by layers of loose connective tissue. Lobules, having complex  alveolar-tubular structure are radially disposed to the nipple. Each lobule has the excretory lactiferous duct (ductus lactiferus) with diameter about 2-3 mm. Lactiferous ducts meet at the nipple and near its base broaden as an ampule, forming lactiferous sinuses which narrow again externally, while some fuse together and open on the apex of each nipple via 10-15 point openings (pori lactiferi).
Each mammary gland is supplied by a lateral thoracic artery, anterior and posterior intercostal arteries. The venous drainage is carried out by veins, accompanying same name arteries. Lymphatic drainage is from each gland to: axillary, subclavian, supraclavicular, parasternal and mediastinal lymphatic nodes of the same side and also in the lymphatic nodes of the upper floor of the abdominal cavity and anterior abdominal wall. Also pay attention that cross lymphatic drainage is possible – to the nodes of opposite side.
The sensory innervation of the gland is mainly provided by intercostal nerves. The skin of the gland is supplied by a supraclavicular nerve from cervical plexus. Vegetative innervation is carried out by sympathetic fibers accompanying the vessels.

Use textbooks and charts to study the organ of olfaction (organum olfactus) which is the most ancient organ of sense.
It is necessary on wet specimens to consider its receptive and conductive parts.
Know that olfactory cells (first neurons of olfactory tract) are bipolar sensory neurons and are located in the olfactory area (regio olfactoria) of the nasal cavity (superior nasal meatus). The dendrite of every bipolar cell ends in mucous membrane as an olfactory bubble which has olfactory cilia. Axons of each sensory cell go through the proper plate of mucous membrane and unite with other axons, forming olfactory filaments (fila olfactoria) which pass through the numerous openings of the cribriform plate of ethmoid bone to anterior cranial fossa and on to the olfactory bulbs (bulbi olfactoria), where the second neurons of olfactory tract are found.
The axons of cells of olfactory bulbs make up the olfactory tract (tractus olfactorius) and go to the olfactory triangle, anterior perforating substance and transparent septum, where the third neurons of the tract are; then to the central departments of the rhinencephalon. The cortical end of olfactory analyzer is in the uncus of parahippocampal gyrus.
To study the organ of taste (organum gustus), which provides recognition of types of food.

To know that the peripheral part of the organ of taste are taste buds (papillae) (caliculus gustatorius). They consist of modified epithelial cells located in the mucous membrane of the tongue and oral cavity. Taste buds are numerous in the vallate papillae of tongue and a few are located in the foliate and fungiform papillae. Also present on the soft palate, palatoglossal arches, on the surface of epiglottis and walls of oropharynx.
To consider the tongue as the receptor of taste analyzer. 

To master the localization of papillae as a  taste receptors. To distinguish four groups of taste: sweet, bitter, sour and salt. Sweet and salty tastes are presented at the tongue tip; sour and bitter on the bilateral margins and on the root of tongue.
To get a clear idea that taste buds are supplied by the peripheral processes of pseudounipolar nervous cells (first neuron of taste analyzer) localized in the nodes of afferent nerves. Supply to the tongue: chorda tympani of facial nerve (anterior 2/3 of tongue), glossopharyngeal nerve (posterior third, palate and palatal arches) and vagus (epiglottis). The second neuron of taste conductor analyzer is located in the nucleus tractus solitarius of medulla oblongata and pons. Third neuron is in the thalamus. Part of cortical end of taste analyzer is disposed in the uncus of parahyppocampal gyrus and in the cortex of insula. Other part is terminates in the hypothalamus and other structures of the limbic system by means of which the vegetative nervous system and human emotional sphere are connected.
Use textbooks and charts to master EXTEROCEPTIVE CONDUCTING TRACTS - the afferent conducting tracts from superficial receptors (located in a skin and mucous tunics) which end in the cortex of hemispheres.
The first (sensory) neurons of afferent conducting tracts are located outside of a brain and spinal cord in sensory ganglions (spinal ganglions or sensory ganglia of cranial nerves). These neurons are presented by bipolar (pseudounipolar) cells. Their dendrites (peripheral processes) form the spinal or cranial nerves and run from peripheral receptors. Receptors perceive an stimuli from an external or internal environment, transforming its energy in a nervous impulse which is passed to the nerve cell by dendrites, and then to its axon. Axons (central processes) make up the posterior roots of spinal or sensory roots of cranial nerves, enter the brain and divide into bundles depending to the sense provided by them. Axons further reach corresponding nuclei of the spinal cord or brain stem, where they terminate on the bodies of the second neurons. In the region of the pons and midbrain axons of the second neurons arise, composed of so called sensory loops (lemniscus) (medial, spinal and trigeminal) which terminate in the lateral thalamic nuclei where the cell bodies of third neurons are found.
Axons of the third neurons pass through the posterior leg of the internal capsule and are sent to corresponding cortical centers of hemispheres (integration centers).
Thus, all afferent pathways, conducting various sense impulses, are converged in the thalamus which is the place of integration of sensory information.

Questions of final control:
1. General description of exteroceptive conducting tracts.
2. Structure of skin and its derivatives.
3. Development, structure, topography and function of mammary gland.
4. To describe the conducting tracts (neurons, nuclei) of tactile sense.
5. To describe the conducting tracts of sense of stereognosis.
6. To describe the conducting tracts of pain and temperature sense.
7. Localization and characteristic of neurons and nuclei of olfactory analyzer.
8. Localization and characteristics of neurons and nuclei of taste analyzer.
9. To characterize the cortical centers of olfactory and taste analyzers.

The program of independent work
	Educational tasks
	Specification of tasks

	1. To name and show on the corpse, parts of skin sensory analyzers.
	1. To name all types of sensory receptors located in the skin.

2. To characterize step by step, conducting tracts of Goll and Burdach and spinothalamic tract (to indicate neurons in the spinal cord and medulla oblongata, their decussation; thalamic nuclei).

3. On natural specimens  of the brain, to point at the cortical ends of these analyzers.

	2. To study carefully the structure of a mammary gland.
	1. To dissect on a corpse lobules of the gland, to separate ducts.

	3. To study structure of the analyzer of a smell.
	1. In a nasal cavity, to find the olfactory region; at the brain base to find the olfactory bulbs, olfactory tract, triangle and anterior perforating substance.

2. On natural specimens  of the brain, to find the cortical center of olfaction – the uncus of hippocampal gyrus.

	4. To study structure of the taste analyzer.
	1. To study the function and localization of lingual papillae.

2. To name the localization of I and II neurons of the tract.

3. On natural specimens  of the brain, to point at the cortical end of the taste analyzer.


To make notes on all aspects of independent work in workbooks; to write the dictionary of anatomic terms; to draw schemes, pictures and annotate them.

theme 10
Organ of sight. way of visual analyzer
Items for discussion
Organ of sight. Eyeball (nucleus, capsule). Shells of the eyeball: fibrous, vascular, internal (retina). Vitreous body, crystalline lens. Chambers of the eyeball: anterior, posterior, their walls. Aqueous humor: place of production, ways of drainage. Accommodative apparatus of the eye. Additional structures of the eye: eyelids, eyebrows, conjunctiva, fasciae of eye socket, external muscles of eyeball. Tear apparatus, place of production and pathways of circulation of tear. Conducting tract of visual analyzer. Conducting tract of pupil reflex.

Topicality of a theme
It is necessary to know that due to increased work of human sense organs (use of modern computer and laser technologies) the amount of patients with different pathologies of the organ of sight, steadily grows. This group of patients is increased steadily also because of industrial and domestic traumatism. Knowledge of the structure of the visual analyzer, mechanism of perception and transformation of signal, transmission of impulses by nerves, localization of subcortical and cortical centers are needed by doctors for locating a pathological focus, providing timely medical care and the correct treatment of visual disorders.

Purpose of training.
To study the anatomical structure of the organ of sight and auxiliary apparatus of the eye on a corpse, and on natural specimens of the eyeball; On the base of the acquired knowledge, to learn to differentiate the pathological changes of different structures of the eye; To know the essence of the pupillary reflex and to apply this in future medical practice.
The student should know:
1. Latin terminology of this theme.
2. Structure and features of shells of the eyeball.
3. Structure and description of retina of the eye.
4. Description of eyeball’s nucleus.
5. Formation of chambers of the eye, production and drainage of intraocular liquid.
6. Characteristics of auxiliary apparatus of the eye.
7. Detailed characteristics of the lacrimal apparatus.
8. Pathway of visual analyzer.
9. Pathway of pupillary reflex with emphasis on the vegetative constituent
The student should be able :
1. On specimens of eye point to and describe every tunics of the eyeball.
2. On a corpse and charts to show and describe the auxiliary apparatus of the eye.
3. On specimens, to describe the nucleus of the eyeball. To show the eye chambers.
4. On charts and pictures, to trace the pathway of visual analyzer.
5. On specimens  of brain, to point at the subcortical centers of sight.
6. On charts and pictures, to trace pathway of the pupillary reflex.
7. On a skull, to show topographic structures in which the elements of visual pathway and pupillary reflex are located.
Questions of initial level:
1. General description of exteroceptive conducting pathways.
2. Structure of skin and its derivates.
3. Development, structure, topography and function of suckling (mammary) gland.
4. To describe the conducting pathways (neurons, nuclei) of a skin sensoryness. 
5. Localization and description of neurons and nuclei of olfactory analyzer.
6. Localization and description of neurons and nuclei of taste analyzer.
7. To describe the cortical centers of skin sense, olfactory and taste analyzers.
8. Localization and description of vegetative nuclei of the mesencephalon.
REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES
	Discipline
	Student must know
	Student must be able

	Anatomy, craniology.
	1. Anatomical structure of cranial cavities (eye sockets).
	1. Structure of walls of orbital cavity.

2. Anatomical structures (fissures, canals) connecting the orbital and cranial cavities and fossas.

	Anatomy of central nerve system.
	1. Anatomical structure of the brain.
	1. Localization and characteristics of subcortical visual centers in the brainstem.

2. Localization and characteristics of vegetative nuclei of the midbrain.

3. Localization and characteristic of cortical visual centers.

	Histology.
	1. Microscopic structure of eyeball shells.
	1. Characterize the layers of retina.

	
	2. Ontogenesis of sense organs.
	2. To name the main stages of ontogenesis of sense organs.

	Biology.
	1. Phylogenesis of organ of vision.
	1. To name the main stages of organ of vision.


Practical equipment: skull, eye of cattle, cerebrum, charts, models.

Self-dependent work
From textbooks to get a clear idea that the organ of sight (organum visus) is a peripheral part of the visual analyzer, providing on the whole, perception of objects, forming of visualization and feelings by analysis and integration of visual irritations. Man has an eyeball (bulbus oculi) and auxiliary apparatus (organa oculi accessoria).
During the study of the eyeball, to pay attention to structure of its capsule consisting of three tunics:
1. Fibrous tunic (tunica fibrosa). The anterior part of fibrous shell is represented by a cornea (cornea). It is transparent, because it does not have blood vessels and has the form of a protuberant lens. Posterior large part of fibrous tunic is a sclerous (sclera) or albuminous shell. It consists of dense connective tissue and forms the framework of the eyeball, executing a protective function. On the border of cornea and sclera the circular venous sinus is disposed (Schlemm’s canal).
2. A vascular tunic (tunica vasculosa) is the middle shell of the eyeball with numerous vessels and pigment. 3 parts are distinguished: anteriorly – iris (iris), middle - ciliary body (corpus ciliare) and posteriorly – the proper vascular shell (choroidea).
- Iris, due to the presence of smooth muscles acts as a diaphragm. In its centre is an opening – the pupil (pupila). Muscles of the pupillary margin presented by a sphincter pupil muscle and peripheral part of iris – by muscles dilator of a pupil. In the stroma of the iris, there is a pigment and its amount ascertains the eye color.
- A ciliary body is part of the vascular tunic located between iris and proper vascular tunic as a circular roller on the border of the sclera and cornea. The back edge of the ciliary body is called a ciliary circle. The ciliary body connects with the iris to form a ciliary crown. Anterior to ciliary circle 60-80 ciliary processes are located (processus ciliares).
- The proper vascular tunic is a thin membrane rich with vessels, occupying the posterior 5/6 of the eyeball’s surface. Its capillary plexuses provide blood supply of the whole eyeball.
It is necessary to devote special attention to the structure of the internal tunic (retina) of the eye.
3. The retina (retina) lines the interior of the vascular tunic and plays the role of peripheral receptive part of visual analyzer. Functionally and structurally, it is divided into 2 parts: visual and blind. A boundary line between these is the serrate edge (ora serrata). The blind part of the retina has only a pigmented layer and lines the ciliary body and posterior surface of iris. Visual part lines the interior of the proper vascular tunic. There are photoreceptors in it, perceiving light irritations and converting them into a nervous impulse. Histologically, ten layers are distinguished in the retina. The most internal layer of the retina is photosensory, contains visual cells – cones and rods. Cones are responsible for day color and vision, rods control night vision. On the retina a yellow spot (macula lutea) and disk of optic nerve (discus n. optici) are distinguished. The disk of optic nerve is the place of exiting of nerve fibers from the retina. It is called the blind spot (macula caeca), because here no photosensory elements are present. Lateral to the disk the yellow spot- containing only cones is located. It is the place of best vision as the focus of light is concentrated here.
In studying the nucleus of the eyeball, attention must be paid to the structure of the lens capsule and vitreous body. 

To understand the mechanism of accommodation, by illustrating with objects that are located near.
To remember that the nucleus of eyeball consists of: lens, vitreous body and aqueous humor of eye chambers.
The lens (lens) of the eye is a transparent biconvex lens, located behind the pupil and in contact with the pupillary margin of iris. It plays an important role in the reaction of accommodation – ability to see both far and near distances. The lens of the eye is covered by a capsule, an equator and two poles are distinguished – anterior and posterior. A supporting ligament (Zinn) is attached to the capsule of the lens on the equator. It retains the lens in certain positions and allows it to become more convex.
A vitreous body (corpus vitreum) fills the cavity of the eyeball deep to the retina. It is a transparent gel mass. Outside, the vitreous body is covered by a dense membrane. It does not contain blood and lymphatic vessels but there is a hyaloid canal in a center. The main function of the vitreous body is its participation in the metabolic processes of the retina.
Aqueous humor of eyeball (humor aquosus camera bulbi) is contained in anterior and posterior chambers. The anterior chamber is between the posterior side of the cornea and the anterior surface of the iris. These two surfaces meet on a circumference and form an irido-corneal angle, with fissure-like (Fontana's) spaces. These spaces are connected by Schlemm’s canal located in the thickness of sclera. The posterior chamber of the eye is located between the posterior surface of the iris and lens and connected to the anterior chamber by the pupil. Spaces between the fibers of the ciliary belt (Petite channel) are parts of the posterior chamber.
Pay your attention, that the aqueous humor is produced by the ciliary body and secreted to the posterior chamber. From there 2/3 of the volume of aqueous humor drains to the anterior chamber through the pupil and from here, through Fontana's spaces to the venous Schlemm’s canal of sclera. From it, through vorticose veins (vv. varticosa) by ophthalmic veins, it gets to the cavernous sinus and to internal jugular veins. 1/3 of the volume of the aqueous humor from the posterior chamber drains to the vitreous body through the hyaloid canal, providing homoeostasis. A small quantity of aqueous humor passes through the ciliary body and drains to the perivascular space from which it then enters the perineural space of the optic nerve, and further on to the subarachnoid space of the brain.
Note that the following belong to the auxiliary apparatus of the eye;
- connective tissue formations of eye socket: periosteum of eye socket, ophthalmic septum (septum orbitale), vagina of eyeball (vagina bulbi), muscular fasciae and fatty cellulose (body) – corpus adiposum orbitale (Tenon’s capsule).
- a motor apparatus – muscles of eyeball;
Study the extrinsic muscles responsible for moving the eyeball (mm. recti superior, inferior, medialis et lateralis and mm. obliquus superior et inferior) and pay attention to their points of attachment and function.
- protective apparatus of the eye includes: eyelids, eyebrows, cilia, conjunctiva and lacrimal apparatus.
Eyelids, palpebrae superior et inferior (Greek: blepharon) – two thin mobile folds, protecting the eye. A cartilaginous plate and the palpebral part of orbicularis oculi muscle (which is covered by loose connecting tissue and skin), serves as the base of the eyelids. Hair follicles of cilia and sebaceous glands are located on the anterior margin of the eyelids. 

Note that the lower eyelid is immobile and mobility of the upper eyelid is provided by its own muscle – m. levator palpebrae superior. An important mechano-protective role is also played by cilia (cilia) and eyebrows (supercilium), which are derivatives of hair cover.
Conjunctive tunic (conjunctiva) – is a transparent tunic of connective tissue lining the internal surface of eyelids and part of the sclera. It is divided into two parts: conjunctiva of eyelids and conjunctiva of eyeball, which together form a conjunctive sac (saccus conjunctivae). There are special and sebaceous glands in a conjunctiva.
The lacrimal apparatus of the eye (apparatus lacrimalis) consists of: lacrimal gland (glandula lacrimalis), lacrimal canaliculi (canaliculi lacrimalis), lacrimal sac (saccus lacrimalis) and nasolacrimal canal (ductus nasolacrimalis).
To find these structures on wet specimenss.

A lacrimal gland is located in the same-name fossa of the frontal bone. It produces moistening a conjunctive sac and cornea liquid (tear). Structurally, the lacrimal gland is compound alveolar-tubular and its canals (about 12) are open in the upper vault of the conjunctiva.
When the eyelids are closed, tear flows to the rivus lacrimalis – a deepening on the posterior edges of the eyelids. When the eyelids are open, tear flows down from the lateral to the medial corner of eye due to blinks. A lacrimal lake (lacus lactimales) is located in the medial corner of the eye, on the floor of which there is a lacrimal caruncle. From the lacrimal lake, the tear is sucked in through two lacrimal ductules (upper and lower) and enters the lacrimal sac. It is located in the same name fossa on the medial wall of the eye socket. Muscular fibers surround the sac as a loop and at blinking or squeezing or extension, pass the tear to the nasolacrimal canal. The nasolacrimal canal is the downward continuation of the lacrimal sac and is disposed in the same name bone canal. It drains to the anterior part of the inferior nasal meatus.
Understand that at occlusion of some part of this system of canals or hyperproduction of tears, it will flow down onto the face.
While studying the tract of visual analyzer, pay attention to the localization and characteristics of neurons.
Bodies and processes of the first three neurons of the pathway are disposed in the retina of the eye:
The 1st neuron is represented by rods and cones; they are located in the first five layers of retina;
The 2nd neuron is a layer of bipolar cells, localized in layers 6-7 of the retina;
The 3rd neuron is ganglionic cells disposed in layers 8-10 of the retina. Axons of these neurons form a visual disk and nerve.
Note that usually, the first three neurons of the retina are described as being the 1st neuron of visual way. According to this, the second neuron of visual analyzer is located in the midbrain (superior colliculi of quadrigeminal plate) and diencephalon (thalamic pulvinar and lateral geniculate bodies of metathalamus). Axons of the second neurons from lateral geniculate bodies and thalamic pulvinar pass through the posterior leg of the internal capsule and arrive at the cortical center of sight (gyrus cinguli of occipital lobe).
To get a clear idea of the pathway of pupillary reflex: part of axons of the second neurons of the visual pathway, located in the superior colliculi of quadrigeminal plate of midbrain, go to the accessory Yakubovich’s nucleus of (Edinger's nucleus) (third neuron of pupillary reflex pathway), where they acquire a parasympathetic part and join fibers of the oculomotor nerve. In its composition they pass through the superior orbital fissure in the orbital cavity and go to the ciliary ganglion where the fourth neuron is located. From the ciliary ganglion, parasympathetic nerves supply the sphincter pupili muscle, and sympathetic – dilator pupili muscle.
Questions of final control:
1. What parts does the organ of sight consist of?
2. Parts of eyeball, their characteristics.
3. Tunics of eyeball, their characteristics.
4. Structure and characteristics of retina of eye.
5. Composition and characteristics of ocular nucleus.
6. Formation of chambers of eye, production and outflow of aqueous humor.
7. Components of auxiliary apparatus of eye, their characterization.
8. Characteristics of lacrimal apparatus of eye.
9. Characteristics of motor apparatus of eye.
10. Characteristics (with localization of neurons and centers) of visual pathway.
11. Characteristics (with localization of neurons and centers) of pupillary reflex pathway.
The program of independent work
	Educational tasks
	Exact items

	1. To study the tunics of eyeball.
	1. To name the tunics; on natural specimens of eye, to show their components and describe their function.

	2. To study the nucleus of eyeball.
	1. On natural specimens of eye to show the vitreous body. To study the lens structure, its capsule and ligaments.

	3. To study the structure of auxiliary apparatus of eye.
	1. On a corpse, to show the lacrimal gland; to point on a skull the nasolacrimal canal and inferior nasal meatus.

2. On a corpse, to show muscles of the eyeball and characterize them.

	4. To study the visual pathway.
	1. To name and localize all neurons; to find the cortical center in the brain.

	5. To study the pupillary reflex pathway.
	1. To name and localize all neurons. Using a chart to retrace the pupillary reflex pathway.


Make notes on all of points of independent work in notebooks; write the dictionary of anatomical terms, sketch schemes, pictures and annotate.
theme 11
anatomy of ORGAN OF HearING and BALANCE;
conducting TRCTS of HearING and BALANCE
Items for discussion
Structure of organ of hearing and balance. External ear: parts, their structure. Middle ear: parts. Tympanic cavity: walls, contents, communications. Ossicles: their structure. Joints, ligaments ligaments, muscles of ossicles. Eustachian tube: parts, structure, function. Internal ear: parts, topography. Bony labyrinth: vestibule, semicircular canals, cochlea, their structure. Membranous labyrinth: vestibule, semicircular ducts, cochlear duct, their structure. Places of production and route of circulation of peri- and endolymph. Mechanism of perception and pathways of conduction of sound. Conducting tracts of hearing and equilibrium.

A student must pass the computer testing on practical class: to answer 30 clinical tasks on sense organs.
Topicality of a theme
It is necessary to know that based on functional significance, the auditory analyzer occupies second place after the visual one. The analyzers of spoken and writing speech developed and functioning on base hearing is the mechanism of humans’ communication. Close anatomical and ontogenetic connection of the analyzer of gravitation and auditory analyzer, allows us examine them as a single organ – vestibulocochlear organ. Increasing the noise and gravity loadings during last years (aviation, astronautics) and also cold diseases lead to pathology of the vestibulocochlear organ. Therefore students must know the anatomical structure of the organ, to use them in the future mastering of physiology, otolaryngology and other disciplines. The study of these questions is also of applied significance for aviation and space medicine specialists.

Purpose of training.
Learn how to find, name exactly, and show the structures of hearing and balance on specimens . Learn to explain their anatomical and phylogenetically mutual communication. To master the main process by which both analyzers function.
The student should know:
1. Latin terminology of this theme.
2. Structure and characteristics of external, middle and internal ear.
3. Circulation of peri- and endo- lymph.
4. Pathway of sound wave.
5. Places of entrance of auditory nerve to cranial cavity and brain.
6. Places of entrance of vestibular nerve to cranial cavity and brain.
7. Characteristics of auditory analyzer.
8. Characteristics of static and kinetic analyzer.
The student should able:
1. To show on a skull the petrosal part of temporal bone, opening of internal acoustic meatus, facial canal, and roof of tympanic cavity.
2. To show the localization of the nuclei of auditory and vestibular analyzers.
3. To show on skull and brain, the place of entrance (output) of vestibulocochlear nerve.
4. To show localization of cortical end of auditory analyzer in the brain.
5. To show localization of cortical end of static and kinetic analyzer in the brain.
Questions of initial level:
1. What parts does the organ of sight consist of?
2. Parts of eyeball, their characteristics.
3. Tunics of eyeball, their characteristics.
4. Composition and characteristics of nucleus of the eyeball.
5. Components of auxiliary apparatus of the eye, their characteristics.
6. Characteristics of visual pathway.
7. Characteristics of pathway of pupillary reflex.
8. Localization of CN nuclei in the rhomboid fossa.
Renewal of basic knowledge on previously studied themes and disciplines
	Discipline
	Student must know
	Student must be able

	Anatomy: craniology.
	1. Anatomical structure of temporal bone.
	1. To explain structure of temporal bone, its canals and openings which are parts of vestibulocochlear organ. To point at and name ossicles.

	
	2. Anatomical structure of cranial base.
	2. To explain the anatomical structure of middle and posterior cranial fossae.

	Anatomy: central nervous system.
	1. Anatomical structure of the brain.
	1. To draw the scheme of localization of nuclei in rhomboid fossa. To characterize nuclei of vestibulocochlear organ.

2. To show the place of entrance of vestibular nerve to brain.

3. To show the place of entrance of auditory nerve to brain.

	Histology: embryology.
	1. Ontogenesis of sense organs.
	1. To say the main stages of ontogenesis of sense organs.

	Biology.
	1. Phylogenesis of organ of hearing.
	1. To say the main stages of phylogenesis of the organ of hearing.


Practical equipment: skull, temporal bone, ossicles, brain, charts, models.
Self-dependent work
The vestibulocochlear organ (hearing and equilibrium), organum vestibulo-cochleare (organum status et auditus) consists of three departments: external, middle and internal ear (auris externa, media, interna).
To study on textbooks, charts and models, structure of the ear and all its departments; to find out their functional significance.
To know, that the external ear consists of the auricle and external acoustic meatus.
The auricle (auricula) is represented by cartilage which is covered by skin on either side. The arched edge is named helix and the antihelix (antihelix) is parallel to the helix. In front of the external acoustic meatus, a tragus is located. The antitragus is on the inferior boundary of the anthelix. Cartilage is absent in the lower part of the auricle. This part consists of fatty tissue and is called the lobule (lobulus).
The external acoustic meatus (meatus acusticus externus) is S-shaped and consists of cartilaginous and bony parts. Its internal opening is closed by a tympanic membrane. The skin of the external acoustic meatus is characterized by the presence of hairs and special glands, producing cerumen.
The tympanic membrane (membrana tympani) is a thin conical membrane, in the center of which a navel (umbo) is located. Its upper part is not tensed and is named pars flaccida. Other parts are tensed – pars tensa. The tympanic membrane is a border between the external and middle ear.
The middle ear is presented by the tympanic cavity, auditory tube and cells of mastoid process.
The tympanic cavity (cavitas tympanica) is a space of temporal bone between the external and internal ear, connected with the nasopharynx via the auditory tube.
Pay attention that the tympanic cavity can be seen as a cube with six walls named after the anatomical structures adjoining them: lateral wall – paries membranaceus; medial wall – paries labyrinthicus; superior wall – paries tegmentalis; inferior wall – paries jugularis; anterior wall – paries caroticus; posterior wall – paries mastoideus.
From charts and models to see that ossicles are located in the tympanic cavity: hammer (malleus), anvil (incus) and stirrup (stapes) connected to each other by proper mobile miniature joints. Their function is in one-sided transmission of air vibrations from the surface of the tympanic membrane. The mechanical transmission of sound vibrations is carried out by the function of two muscles: one that pulls the tympanic membrane (m. tensor tympani) and its antagonist – stirrup muscle (m. stapedius).
Auditory or Eustachian tube (tuba auditiva) connects the tympanic cavity and nasopharynx and ensure that the pressure in the tympanic cavity is equaled with atmospheric. It consists of bony and cartilaginous parts. Its length is 3.5-4 cm.
At consideration of the structure of the internal ear, pay attention to structural features of bony and membranous labyrinths and master that they contain the receptors of two analyzers – auditory and statokinetic (gravitations).
The bony labyrinth (labyrinthus osseus) is located in the pyramid of the temporal bone and consists of: bony vestibule, three bony semicircular canals and bony snail.
The vestibule is the central part of the labyrinth. A bony crest divides it into two pockets: spherical and elliptical, where openings of the semicircular canals are opened. Two windows are located in the external wall of the vestibule: window of vestibule (fenestra vestibuli) which faces the tympanic cavity and is closed by the base of the stirrup; window of snail (fenestra cochleae) closed by the secondary tympanic membrane (membrana tympani secundaria).

Three semicircular canals (anterior, posterior and lateral) are located in three mutually perpendicular planes. Every canal has an arc and two legs. One leg of every semicircular canal is extended as an ampule. The anterior and posterior canals form a common leg while the lateral canal forms a single leg. Thus, the semicircular canals open to the vestibule by five openings.
The bony labyrinth of snail is a bony tube, wrapped up in 2.5 turns about the axis or bar (modiolus). The cavity of the bar is a canal. In the spiral canal of snail, is a bone spiral plate which divides its cavity into two parts: stair of vestibule (scala vestibuli) above the bony plate, and drum stair (scala tympani) below.
Inside the bony labyrinth, connective tissue membranous labyrinth (labyrinthus membranaceus) is located. In it are distinguished: membranous vestibule, membranous semicircular ducts and membranous snail or snail duct.
The utricle (utriculus) and small sac (sacculus) belong to the membranous vestibule. The utricle is disposed in the elliptical pocket, and sac – spherical. They are united by a utriculo-saccular duct (ductus saccoutricularis). The 5 openings of the semicircular ducts open into the posterior wall of the utricle. On the internal surface of the utricle and sac, two spots are located – macula utriculi and macula sacculi. They are the receptors of vestibular nerve and consist of hair cells of sensory vestibular epithelium, surrounded by supporting cells. Receptors of the utricle and sac perceive gravity and linear acceleration, i.e. provide the equilibrium of body being at rest.
The receptors of ampullars legs represented by sensory crests with neuroepithelial cells which perceive an angular acceleration and are the organs of dynamic equilibrium, are located in membranous semicircular ducts (anterior, posterior and lateral), i.e. provide the equilibrium of body moving in space.
The cochlea and cochlear duct belong to the membranous labyrinth of snail. Cochlear duct lies in the vestibular stair and has three walls. The upper wall is the vestibular membrane. The lower wall is a basal membrane on which the organ of corti is located. The lateral wall is represented by the periosteum of bony canal of snail and is internally lined by the special epithelium of vascular strip, the capillaries of which produce endolymph.
Using an atlas and charts, study the circulation of peri- and endo- lymph.
To know that the perilymph circulates in the perilymphatic space of the internal ear (between membranous and bony labyrinths), and drains into the perilymphatic duct (ductus perilymphaticus) in subarachnoid space. To pay attention, that the perilymphatic duct is located in the snail duct which passes across the pyramid and opens under the opening of internal acoustic meatus in the funnel-shaped deepening and spreads to the subarachnoid space. As a result, inflammation of meninges of the brain (meningitis) can spread to the structures of the internal ear and vice versa.
Endolymph circulates on the reserved space of membranous labyrinth and is not connected with the environment. An endolymph from a cochlear duct passes to the sac through the connecting duct. It goes to the utricle from the semicircular ducts.
From the utricle and saccule, via the utriculo-saccular duct, it drains to the endolymphatic duct (ductus endolymphaticus). This duct goes to the vestibular aqueduct (aqueductus vestibuli). On getting to the vestibular aqueduct the endolymphatic duct ends between the layers of dura mater via a blind expansion – endolymphatic sac (saccus endolymphaticus).
Using textbooks, atlas and charts, master the pathway of sound and the auditory analyzer. Sound-waves sent by the auricle to the external acoustic meatus, cause vibration of the tympanic membrane. These sound vibrations are passed to the perilymph of the vestibule through the system of ossicles. The vibrations of perilymph spread on the vestibular scale upwards to the top of snail, where through the Breschet's [Scarpa's] hiatus (helicotrema) are passed to the perilymph of tympanic scale, through which it goes down to the cochlear window where they are inhibited by the secondary tympanic membrane. Through the vestibular membrane, oscillation of perilymph passes to the endolymph of cochlear duct and further to the basal membrane on which the receptor of auditory analyzer (Corti organ) containing sensory hair cells is located. These cells are surrounded by the nervous fibers of spiral ganglion, ganglion spirale (1st neuron of auditory way) located at the base of snail modiolus. Here the mechanical vibrations of endolymph are transformed to nervous impulses through axons forming the auditory nerve, and are sent to the brain to the auditory nuclei of rhomboid fossa (2nd neuron of auditory pathway). Further on to subcortical centers of hearing: medial geniculate bodies, inferior colliculi of the roof of midbrain, thalamus (part of the fibers are interrupted in the nuclei of trapezoid body of pons) – (3rd neuron). From the nuclei of medial geniculate bodies the fibers, forming an auditory radiation, go to the cortical end of auditory analyzer which is in the middle part of the superior temporal gyrus, in the depth of Sylvian fissure.

Using textbooks, atlas and charts, master the pathway of statokinetic analyzer.
Nervous impulses are received from receptors of the ampulla crest of the semicircular ducts and in the spots of the utricle and sac of the vestibule of membranous labyrinth, through the vestibular ganglion, gangl. vestibulare (1st neuron), located on the floor of the internal acoustic meatus, via the vestibular nerve, are sent in the brain to the nuclei of rhomboid fossa (2nd neuron) and further to spinal cord, cerebellum and thalamus (3rd neuron), with continuation to the cortical vestibular analyzer (the cortex of vermis of cerebellum; middle and inferior temporal gyri of brain).
Questions of final control:
1. Structure of external ear.
2. Structure of middle ear. Tympanic cavity and its content.
3. Structure and characteristics of structures of the internal ear.
4. Circulation peri- and endo- lymph.
5. Pathway of sound wave.
6. Characteristics and cerebral location of cochlear and vestibular nuclei.
7. Place of entrance of vestibular nerve into the brain.
8. Place of entrance of auditory nerve into the brain.
9. Characteristics of auditory analyzer.
10. Characteristics of statokinetic analyzer.

The program of independent work
	Educational tasks
	Specification of tasks

	1. To show the localization of organ of hearing in the skull.
	1. To locate and show all structures of organ of hearing, ossicles in the skull.

	2. To name all nuclei of vestibulocochlear organ and characterize them.
	1. To point at the projections of acoustic and vestibular nuclei in the floor of the rhomboid fossa. 

	3. To study the structure of the middle and internal ear. To study acoustic analyzer tract.
	1. To draw scheme of nerve fibers passing from organ of Corti to cortical end. To pay attention to the decussation and creation of lateral loop.

	4. To study the pathway of statokinetic analyzer.
	1. To draw the scheme of pathway of nerve fibers from centers of balance in ampules of semicircular ducts and macula of utriculus and sacculus to cortical end of the analyzer.


Students should make notes on all aspects of independent work in their notebooks, write the dictionary of anatomical terms, sketch schemes, pictures and annotate them.
theme 12
STRENGTHENNING of practical skills and generalization of material on the anatomy of CNS and sense organs
OBJECTIVE test control
Items for discussion
To present a report on the results of dissection and on the study of basic structures of the CNS and sense organs. List of control questions on the passed material.
Topicality of a theme
The Human organism gets irritations from the environment and from all the life-support systems of the internal environment. Processes of perception, differentiation and response reactions are provided by such important systems of organism, as the CNS and system of sense organs. Therefore any external affectation of these departments leads to the disbalance of connections, and results in development of different diseases and serious complications.

Purpose of training.
The material from practical classes and notes from the lecture are used to strengthen theoretical and practical skills on this section. A student must demonstrate ability to see the general lines of structure of these systems and their distinctive features at implementation of certain functions. A student must on specimens  and on a corpse, show departments of the central nervous system and sense organs, and also to designate their functions. From the proper database (200 tests and clinical tasks) a student must answer 30 arbitrarily chosen questions on every THEME and to pass a verbal exam with demonstration on natural specimens .
Look at the standards of test tasks (tests, clinical tasks) in editions guideline of department «CNS», «Cranial nerves and sense organs», «Peripheral part of the nervous system, vegetative nervous system, sense organs and endocrine glands». The electronic variants can be gotten in the computer center, at the departmental library or website, or on the internal university website.
The student should know:
1. Latin terminology of this theme.
2. Classification of the CNS.
3. Morphological and functional characteristics of different departments of the CNS.
4. Classification of sense organs.
5. Concept of an analyzer.
6. Morphological and functional characteristics and pathway of different analyzers.
7. Phylo- and onto- genesis of CNS and sense-organs.
8. Anomalies and variants of development of the CNS and sense organs.
9. Age-dependent features of the CNS and sense organs.
10. Clinical methods of research of the CNS and sense organs.
The student should able:
1. To know the methods of dissection of the brain.
2. To show the spinal cord and departments of the brain on independently dissected corpses and natural specimens . 
3. To show and describe the departments of the brainstem.
4. To show and designate morphological and functional characteristics of departments of the telencephalon.
5. To show the subcortical and cortical ends of analyzers of sense organs on specimens  of the brain.
To answer orally these questions with demonstration on natural specimens , models, charts:
Semantic module 13
Introduction to neurology. Anatomy of spinal cord
1.
Definition and functions of Human nervous system.
2.
Classification of the nervous system.
3.
Phylogenetic stages of formation of the nervous system.
4.
Development of CNS (embryogenesis). Stage 3 and 5 of cerebral vesicles.
5.
Concept of a neuron, its structure, classification. Grey and white matter of the CNS.
6.
Morphological and functional characteristics of glia.
7.
Spinal cord: topography, external structure.
8.
Structure of spinal segments, their classification, skeletopy.
9.
Nerve fibers, bundles, roots, ganglia, nerves. Structure of simple and compound reflex arcs.
10.
Development of spinal cord (embryogenesis). Anomalies of development of the spinal cord.
11.
Morphological and functional characteristics of grey matter. Nuclei of horns of the spinal cord.
12. Morphological and functional characteritics of white matter of spinal cord.
13.
Meninges of the spinal cord. Intermeningeal spaces of the spinal cord and their contents.
14.
Clinical methods of research of spinal cord function.
15.
Age-dependent features of the spinal cord.
Semantic module 14
Anatomy of a brain
1. Departments of the brain, development from cerebral vesicles.
2. Brain: parts (anatomical classification).
3. Base of the brain: general review of structures on the inferior surface of the brain; their topography, exit routes of cranial nerves.
4. Brainstem: development, parts.
5. Medulla oblongata: development, borders, topography, anatomical and histological structure.
6. Pons: development, borders, anatomical and histological structure.
7. Cerebellum: development, anatomical and histological structure (nuclei, cortex); classification of parts of cerebellum on phylogenetic principle. Connections of the cerebellum: composition of legs.
8.
IV (4th) ventricle, its structure, communications. Place of production and route of circulation of cerebrospinal fluid.
9.
Midbrain: development, boundaries, anatomical and histological structure.
10.
Diencephalon: anatomical and histological structure, parts.
11.
Thalamic area (parts). Talamus: anatomical and histological structure, classification of nuclei.
12. Hypothalamus: parts, anatomical and histological structure. Hypophysis: topography, parts, functions. Concept of the hypothalamo-hypophyseal system.
13. Subcortical centers of vision and hearing. Anatomical and histological structure.
14. Epithalamus: parts, functional value. Pineal gland (epiphysis): topography, functions.
15. Metathalamus: structure, function. Isthmus of brain.
16. Third ventricle: development, walls, communications.
17. Anatomical structures of brainstem.
18. Nuclei of grey matter of brainstem.
19. White matter of brainstem (conducting tracts, medial and lateral loop).
20. Telencephalon (large brain): development, parts.
21. Histological structure of hemispheres, (concept of myelo- and cyto- architectonics).
22. Rhinencephalon: peripheral and central departments. Limbic system.
23. Basal ganglia: topography, parts, functional value. Concept of the striopalidar system.
24. Lateral ventricles: development, parts, topography, walls, connections.
25. Topographical formations of white matter of hemispheres of the brain. Internal capsule. Localization of conducting tracts in every part.
26. Hemispheres of the brain: surfaces, lobes, borders; describe and show on specimens .
27. Relief (grooves and gyri) of superior-lateral surface of cerebral hemispheres.
28. Relief (grooves and gyri) of medial surface of cerebral hemispheres.
29. Relief (grooves and gyri) of basal surface of cerebral hemispheres; describe and show on preparation.
30. Relief of frontal lobe. Localization of cortical ends of analyzers in the frontal lobe.
31. Relief of parietal and cervical lobes. Localization of cortical ends of analyzers in the parietal and cervical lobes.
32. Relief of temporal lobe: describe and show on specimens . Localization of cortical ends of analyzers in the temporal lobe.
33. Cortical end of analyzers of the 1st alarm system.
34. Cortical end of analyzers of the 2nd alarm system.
35. Rhomboid fossa: formation, borders, relief. Projection of motor nuclei.
36. Rhomboid fossa: formation, borders, relief. Projection of sensory nuclei.
37. Rhomboid fossa: formation, borders, relief.  Projection of vegetative nuclei.
38. Subarachnoid space: formation, cisterns, connections. Production and outflow of liquor. Anomalies of development of cerebral meninges.
39. Dura mater and its derivates (sinuses, processes).
40. Conducting tracts of CNS: definition, classification.
41. Topography of conducting tracts in the internal capsule. Localization on a section of brainstem.
42. Topography of conducting tracts in the funiculi of the spinal cord.
43. Classification of conducting tracts. Associative tracts.
44. Classification of conducting tracts. Comissural tracts.
45. Classification of projectional ascending tracts. Pathway of voluntary proprioceptive sense – tractus ganglio-bulbo-thalamo-corticalis.
46. Classification of projectional ascending tracts. Pathway of pain and temperature sense – tractus spinothalamicus lateralis.
47. Classification of projectional ascending tracts. Pathway of tactile sense – tractus spinothalamicus ventralis (anterior).
48. Classification of projectional ascending tracts. Pathway of pain, temperature, tactile and voluntary proprioceptive sense from the head and neck.
49. General anatomical principles of construction of afferent tracts of cortical direction.
50. Classification of projectional afferent tracts. Posterior spino-cerebellar tract (Fleching’s).
51. Classification of projectional afferent tracts. Anterior spino-cerebellar tract (Gower’s).
52. Classification of afferent tracts. General anatomical principles of construction of pyramidal tracts.
53. Pyramidal cortico-spinal tract.
54. Pyramidal cortico-nuclear tract.
55. Reticular formation. Tracts of the reticular formation.
56. Extra-pyramidal motor system: centers, functions. Conducting tracts of the extra-pyramidal motor system.
57. Anomalies and teratosis of the CNS.
58. Age-dependent features of the CNS.
59. Basic clinical methods of research of the CNS.
Semantic module 15
Anatomy of sense organs
1. Phylo- and onto- genesis of sense organs.
2. Subcortical centers of sense (midbrain and diencephalon).
3. Cortical centers of all of types of sense, their localization and characteristics.
4. The skin and its structure. Derivatives of skin (hairs, nails, glands). Mammary gland.
5. Organ of smell: structure, functions.
6. Localization and function of lingual papillae.
7. Cortical centers of taste and smell, their localization and characteristics.
8. Eye: structure, topography.
9. Auxiliary, protective, and motor structures of the eye (extrinsic muscles of the eyeball).
10. Lacrimal apparatus of the eye. Place of production and route of outflow of tear.
11. Capsule of eyeball (tunics), its parts, structure, functions.
12. Eyeball, its anatomical structure. Fibrous tunic of eyeball.
13. Vascular tunic, its parts, structure, functions. Accommodation apparatus of the eye.
14. Retina of eye. Its morphological and functional characteristics.
15. Nucleus of eyeball (lens, vitreous body). Refractive media of eyeball.
16. Chambers of eyeball, their borders, connections. Production and routes of circulation of aqueous humor of chambers.
17. Localization and characteristics of subcortical and cortical centers of vision.
18. Ear: its parts. External ear (auricle, external acoustic meatus, tympanic membrane).
19. Middle ear (tympanic cavity, ossicles, auditory tube).
20. Internal ear, anatomical departments.
21. Bony labyrinth. Perilymph – production and routes of circulation.
22. Membranous labyrinth. Endolymph – production and routes of circulation.
23. Structure of spiral organ.
24. Pathway of transmission of sound vibrations.
25. Anomalies and teratosis of sense organs.
26. Age-dependent features of sense organs.
27. Basic clinical methods of research of sense organs.
semantic module 16
peripheral nerves
theme 13
Morphology of peripheral department of the somatic nervous system. Spinal nerve, iTs branches. CervicAL plexUS.
ANTERIOR branches of THORACIC nerves

Items for discussion
Peripheral formations of the nervous system. Spinal nerve: creation, composition of fibers, branches; accordance to the segments of spinal cord. Posterior branches of cervical, thoracic, lumbar, sacral and coccygeal nerves: composition of fibers, areas of innervation. Anterior branches of thoracic spinal nerves, and their general conformity to the law of anatomy. Thoracic nerves: branches. Intercostal nerves: topography, composition of fibers, branches, areas of innervation. General conformity to the law of formation of somatic neural plexuses. Cervical nerve plexus: creation, topography, branches, areas of innervation.

Topicality of a theme
Knowledge of this theme is important not only for the object but also for the study of topographical anatomy and operative surgery, neurosurgery, neurology and other disciplines. Studying spinal nerves (SN), a student will learn about innervation of the skin, muscles and joints of corresponding areas of the human body, their interaction with vessels, and gain morphological understanding on the origin and localization of functional disorders, pain, and violations of sense of many diseases.
Purpose of training.
To learn- on a corpse, models and charts- how to find, name and show spinal nerves and their branches. Based on understanding of the segmental and focal innervation of the body, to ascertain their affected zones. To master, that the anterior branches of thoracic SN pass in intercostal spaces and are named intercostal nerves, and from the anterior branches of cervical, lumbar, sacral and coccygeal spinal nerves, peripheral neural plexuses are created- cervical, brachial, lumbar, sacral and coccygeal.
To study source of origin, topography and branches of the cervical plexus, ascertain their areas of innervations, give a morphological foundation to the phrenic-symptom, find where it is ascertaind and in what cases.
The student should know:
1. Latin terminology of this theme.
2. Onto- and phylo- genesis of the nervous system.
3. Structure of the spinal cord.
4. Principle of formation of spinal nerves.
5. Characteristics of spinal nerve fibers.
6. Principle of formation of plexuses.

7. Anatomical formation of the cervical plexus in relation to the neck.

8. Characteristics of cervical plexus: sources of creation, localization, classification of branches, areas of innervation.

The student should able:
1. To explain principles of formation of spinal nerves, using a corpse.
2. To show localization of cervical plexus.
3. To find the branches of the cervical plexus on a corpse.
4. To show areas of innervation of branches of the cervical plexus.

Questions of initial level:
1. General characteristics of the nervous system; development, classification.
2. Elements of the nervous system. Classification of neurons.
3. Structure of the spinal cord, spinal segments.
4. Characteristics of spinal cord roots.
5. Principle of formation of spinal nerve.
6. Reflex arc.

Renewal of basic knowledge on previously studied themes and disciplines
	Discipline
	Student must know
	Student must be able

	Anatomy:

osteology.
	1. The structure of a vertebral column, its departments. The topography of the vertebral canal, intervertebral openings, intervertebral spaces.
	1. To show on a skeleton and natural preparation the departments of the vertebral column, vertebral canal, intervertebral openings, possible places of compression of roots of the spinal cord and SN.

	Anatomy:

myology.
	1. Muscles of the neck, shoulder girdle, chest and abdomen.
	1. To show on models and corpse, different groups of muscles of the neck, shoulder girdle, superficial an deep muscles of the chest and abdomen.

	Anatomy:

nervous system.
	1. Anatomical structure of spinal cord, spinal segments.
	To show on a table and natural preparation parts of spinal segment, spinal ganglia and SN.

	
	2. Topography and characteristics of roots of the spinal cord, spinal ganglia, SN.
	2. To explain the topography and characteristics of roots of spinal cord, spinal ganglia, SN.

	Histology: embryology.
	1. The stages of ontogenesis of CNS.
	1. To draw the scheme of CNS development.

	Biology.
	1. The phylogenesis of CNS.
	1. To draw the scheme of stages of phylogenesis of CNS.


Practical equipment: skeleton, spinal cord, dissected vascular-nervous corpse with the branches of cervical plexus; charts.
Self-dependent work
At the beginning to the study of this theme, it is necessary to remember the structure and topography of the vertebral column and spinal cord, as well as the concept «spinal segment». 

To distinguish on a preparation, anterior (or ventral) and posterior (or dorsal) roots; to pay attention that every posterior root has an enlargement – spinal ganglion (ganglion spinale).
To remember that anterior roots are formed by long processes of motor neurons of anterior horns of the spinal cord, therefore they are motor. Posterior roots are formed by the central processes of neurons of spinal ganglia and are sensory. Peripheral processes begin from receptors on the periphery.
To consider on a preparation, that anterior and posterior roots fuse together and after the ganglion is formed in the intervertebral opening, the mixed spinal nerve (n. spinalis) forms. To remember that there are usually 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal (corresponding to spinal cord segments). After its exit, each nerve is divided into four branches. Two of them: the anterior and posterior are continuations of the nerve, while the meningeal one goes to tunics of the spinal cord, and the connecting one goes to connect with the ganglion of sympathetic trunk.
To know that inflammation of anterior or posterior roots of the spinal cord is named radiculitis; of spinal trunk is funiculitis; of peripheral branch – is neuritis.

To study posterior branches: they are always thinner than corresponding anterior ones. Each posterior branch (except for the 1st cervical nerve) is divided into medial and lateral branches. Posterior cervical branches supply skin and muscles of the back located in the neck region. To remember that the first posterior branch is motor and named a suboccipital nerve (n. suboccipitalis). It supplies short occipital-vertebral muscles (major and minor rectus capitis muscles, superior and inferior oblique ones). The second posterior branch is most considerable of all posterior cervical branches. Its medial cutaneous branch perforates the tendon of the trapezoid muscle and appears under the skin as a large occipital nerve (n. occipitalis major). It supplies the skin of the occipital area. Other posterior cervical branches are very short supply the skin and autochthonic muscles of the back.

To pay attention that the posterior branches of thoracic and lumbar nerves supply the skin and proper (autochtonous) muscles of the back also. Branches from upper lumbar nerves reach to the skin of gluteal area and named the superior cluneal nerves (nn. clunium superiores). The posterior branches of sacral nerves are very thin, go out through the posterior sacral openings and form the middle branches of buttocks (nn. clunium medii). The posterior branches of coccygeal nerve supply the skin in the region of the coccyx and anus.
To get a clear idea from textbooks, that meningeal branches return through intervertebral openings to the vertebral canal and supply tunics and dentate ligaments of the spinal cord. They consist of sensory and sympathetic fibers.
Connecting branches enter into a nerve from the ganglia of sympathetic trunk and consist of sympathetic fibers which in composition with anterior branches arrive blood vessels and skin.
To master, that the anterior branches of spinal nerves supply the skin and muscles of anterior wall of trunk and upper extremities. Their fibers unlike posterior branches, interlace and form plexuses in which fibers from different segments are present. 

Distinguish four large plexuses: cervical, brachial, lumbar and sacral-coccygeal. Only anterior branches of thoracic nerves do not form the plexuses. They, together with arteries and veins are disposed in intercostal spaces, between external and internal intercostal muscles, at the lower edge of the upper rib (in its groove) and are called intercostal nerves.
The first intercostal nerve is thin, because a greater part of it enters in composition with the brachial plexus; The XII nerve lies under the corresponding rib and is named subcostal nerve. Six pairs of upper intercostal nerves on intercostal spaces arrive at the sternum, and six lower ones pass to the anterior abdominal wall, where they are disposed between transverse and internal oblique muscles of the abdomen and get to the vagina of rectus abdominis muscles. To pay attention, that intercostal nerves supply autochthonic muscles of the chest, all abdominal muscles, skin of chest and abdomen.

In starting the study of the cervical plexus (plexus cervicalis) one must get a clear idea from textbooks, that it is created by anterior branches of the upper four cervical nerves and disposed in the layer of deep muscles of neck (prevertebral and scaleni muscles).
Nerves of the cervical plexus are divided on: a) motor, b) sensory and c) mixed.
Motor or muscular branches supply the deep muscles of the neck (anterior rectus and lateral rectus muscles of head, long muscles of head and neck, scaleni muscles). Lower root, outgoing from muscular branches, crosses outside the internal jugular vein and anterior to it, meets with an upper root from the hypoglossus, forming a cervical loop (ansa cervicalis). Its branches supply infrahyoid muscles of the neck (sternohyoid, sternothyroid, thyrohyoid, omohyoid).
The sensory branches of cervical plexus go out under the posterior edge of the sternocleidomastoid muscle approximately in its midpoint. They supply the skin of neck, back of head and of chest in the infraclavicular area. To this group belong:
- the lesser cervical nerve (n. occipitalis minor) – ascends on the posterior edge of sternocleidomastoid muscle and supplies the skin of occipital area.
- the greater auricular nerve (n. auricularis magnus) is the largest skin nerve. It goes upwards towards the auricle on the external surface of sternocleidomastoid muscle and supplies the skin of external acoustic meatus and convex part of auricle, skin of parotideomasseteric area and parotid gland.
- the transverse cervical nerve (n. transversus colli) – runs in a transverse direction, crosses the sternocleidomastoid muscle, and going forward, divides into 3-4 branches. The highest of them unites with ramus colli of the facial nerve. This nerve supplies the skin of anterior area of neck.
- supraclavicular nerves (nn. supraclaviculares) – goes down to supply the skin of neck above the collar-bone, and also above greater pectoral and deltoid muscles.
Mixed branches: the phrenic nerve (n. phrenicus) is the largest nerve of the cervical plexus. It goes down on the anterior surface of anterior scalene muscle, gets to the thoracic cavity: the left nerve crosses anterior to the arc of aorta, and the right goes laterally to the superior vena cava. Both nerves pass anteriorly to roots of the lungs and go on to the lateral surface of the heart between the pericardium and mediastinal pleura and on to the diaphragm. The motor fibers of this nerve supply the muscular part of the diaphragm. Sensory fibers go to the mediastinal pleura, pericardium, pass through the vena cava opening of the diaphragm to reach the abdominal cavity and innervate the capsule of the liver and its ligaments.
To get a clear idea from textbooks, about phrenic-symptom.

Questions of final control:
1. How many spinal nerves are there?
2. What branches is a SN divided into?
3. What do the posterior branches of SN supply?
4. Where do meningeal branches go?
5. To what do connecting branches connect?
6. What branches of SN are plexuses composed from?
7. Topography and area of innervation of intercostal nerves?
8. What type of nerves arise from a cervical plexus?
9. What do sensory nerves supply?
10. What do motor nerves supply?
11. Topography and area of innervation of phrenic nerve.
12. What is a “phrenic-symptom”?

The program of independent work
	Educational tasks
	Specification of tasks

	1. To know the principles of creation of SN.
	1. To draw a scheme of creation of SN using the reflex arc of the spinal cord.

	2. To study branches of the cervical plexus and ascertain zones of innervation.
	1. To pay special attention to double innervation of trapezoid and sternocleidomastoid muscles (together with CNXII). To know the anatomical explanation of phrenic-symptom.

	3. To study anterior branches of thoracic nerves.
	2. To trace the pathway of an intercostal nerve in the intercostal space.

	4. To get the basal practical skills on dissection of elements of peripheral NS.
	1. To be able to dissect on a corpse the cervical plexus and its main branches.

2. To dissect on a corpse intercostal nerves.


Make notes on all of points of independent work in notebooks; write the dictionary of anatomical terms, sketch schemes, pictures and annotate.
theme 14
BRACHIAL nerVOUS plexUS
Items for discussion
BRACHIAL PLEXUS: SOURCES OF CREATION, TOPOGRAPHY. CLASSIFICATION OF BRANCHES. SUPRACLAVICULAR PART: FUNICULI, SHORT BRANCHES OF BRACHIAL PLEXUS, THEIR TOPOGRAPHY AND AREAS OF INNERVATION. INFRACLAVICULAR PART: FUNICULI OF BRACHIAL PLEXUS. LONG BRANCHES OF BRACHIAL PLEXUS: CREATION, TOPOGRAPHY, AREAS OF INNERVATION. PROJECTION OF LONG BRANCHES OF BRACHIAL PLEXUS TO SKIN

Topicality of a theme
The study of this theme is important not only for anatomy subject, but also for mastering of topographical anatomy and operative surgery, neurosurgery, neurology, cardiology and a number of other disciplines. By studying the brachial nervous plexus and its branches, a student will learn about innervation of skin, muscles and joints of shoulder girdle and free upper limb; understand morphologically reason of origin and localization of functional disorders, pain, and violations of sense in some diseases and the ability to differentiate them.

Purpose of training.
To learn on a corpse, models and charts- how to find, name and show the brachial plexus and its branches. To master, by what branches of spinal nerves it is formed, in what topographical areas and with what vessels the nerves of this plexus pass; to study the areas of their innervation; to ascertain their practical value.

The student should know:
1. Latin terminology of this theme.
2. Principle of formation of spinal nerves.
3. Principle of formation of somatic neural plexuses.

4. Anatomic structures topographically related to plexuses in area of neck and axillary fossa.
5. Main grooves and canals of upper limb for vascular-nervous bundles.
6. Characterization of brachial plexus: sources of creation, localization, classification of branches, areas of innervation.
The student should able:
1. To point on a corpse and explain principle of formation of spinal nerves.
2. To point out the interscalenus space and know its content.
3. To point and name the walls of the axillary fossa, give description to tri- and quadri-lateral openings.
4. To point on a corpse and name all grooves and canals of the upper limb and the vessels and nerves which pass through them.
5. To find and point the branches of the brachial plexus on a corpse (short and long branches).
6. To ascertain the areas of innervation of skin of the upper limb by branches of the brachial plexus.
Questions of initial level:
1. General characterization of spinal nerves: their composition, characteristics of branches.
2. By what branches of SN are plexuses composed?
3. General characteristics of cervical plexus: sources of creation, localization.
4. Classification of branches of cervical plexus, areas of innervation.
5. Topography and area of innervation of phrenic nerve.
6. What is the “phrenic-symptom”?
7. Topography and area of innervation of intercostal nerves.

Renewal of basic knowledge on previously studied themes and disciplines
	Discipline
	Student must know
	Student must be able

	Anatomy: osteology.
	1. The morphology of a vertebral column: its parts, intervertebral openings.

2. The topography of intervertebral spaces.
	1. To point on a skeleton and natural preparation the parts of vertebral column, vertebral canal, intervertebral openings.

	Anatomy: myology.
	1. Superficial and deep muscles of the chest and back, muscles of shoulder girdle and free upper limb.
	1. To point on a corpse, charts and models superficial and deep muscles of chest and back, muscles of shoulder girdle and free upper limb.

	Anatomy: nervous system.
	1. Anatomical structure of spinal cord, spinal segment.
	1. To point on a table and natural preparation parts of spinal segment, spinal ganglia and nerves.

	
	2. Topography and characteristcs of spinal roots, ganglia, nerves.
	2. To draw a scheme of simple reflex arc.

	Histology: embryology.
	1. The stages of ontogenesis of NS.
	1. To draw the scheme of development of NS.


Practical equipment: skeleton, dissected vascular-nervous corpse with the branches of brachial plexus, charts, models.
Self-dependent work
To master from textbooks, that brachial plexus (plexus brachialis) is created by the anterior branches of four lower cervical nerves and main part of the first thoracic nerve (SV-CVIII, ThI).
To find the plexus on a preparation. It is disposed in interscalenus space above the subclavian artery as three trunks: upper, middle and inferior. To pay attention, that in the brachial plexus there are supra- and infra-clavicular parts, and the branches of the plexus are divided into short and long.
Short branches originate from supraclavicular part of plexus. Conditionally they can be divided into two groups: 1) nerves, going to the scapula: dorsal nerve of scapula (n. dorsalis scapulae) – supplies the muscle, lifting up the scapula; a suprascapular nerve (n. suprascapularis) goes along with same name artery to supraspinatus and to infraspinatus muscles; subscapular nerve (n. subscapularis) –supplies subscapular and teres major muscles via 2-3 branches.
2) nerves, going to the chest: medial and lateral pectoral nerves (nn. pectorales msdialis et lateralis) – supply large and small pectoral muscles; long pectoral nerve (n. thoracicus longus) – passes on the lateral surface of serratus anterior muscle and supplies it; thoracodorsal nerve (n. thoracodorsalis) – goes along the lateral edge of the scapula to the latissimus dorsi muscle. And the thinnest nerve from short branches is the subclavian nerve (n. subclavius) which passes ahead of subclavian artery laterally to phrenic nerve and supplies the same name muscle.
Long branches originate from infraclavicular part of brachial plexus, which is in the axillary fossa and presented as 3 fascicules: medial, lateral and posterior, which surround the axillary artery.
From a medial fasciculus emerge:
- medial root of median nerve; 
- medial cutaneus nerve of upper arm (n. cutaneus brachii medialis) – supplies the skin of the corresponding area;
- medial cutaneus nerve of forearm (n. cutaneus antebrachii medialis) – supplies the skin of the corresponding area;
- ulnar nerve (n. ulnaris) which a mixed nerve.

To pay attention that the ulnar nerve gives no branches to the upper arm but passes in the medial bicipital groove together with the median nerve and brachial artery, after which it surrounds the medial epicondyle of the humerus and in the forearm, lies in the ulnar groove together with the ulnar artery. It supplies flexor carpi ulnaris muscle and half of the deep flexors of the fingers. Then it passes to the hand, divides into deep (muscular) and superficial (sensory) branches. In the area of the palm, it supplies the skin of area V and adjacent to it half of the IV finger, skin of dorsal part of hand in area of 2.5 fingers (V, IV and halve of III) and most the muscles of the hand.

From a lateral fasciculus go out:

- lateral root of median nerve;
- musculocutaneus nerve (n. musculocutaneus) – supplies the anterior group of muscles of upper arm, and continuous as a lateral cutaneous nerve of forearm to the skin of forearm.
Median nerve (n. medianus) – mixed, originates by two roots from lateral and medial fasciculi. Gives no branches to the upper arm, lies in a medial bicipital groove, after which it passes onto the forearm where it lies in a midline groove and supplies all muscles of forearm except ulnar flexor carpi and medial half of deep flexor of fingers. In the hand, the nerve passes in a midline canal under the retinaculum flexorum and divides into common digital nerves. In the hand this nerve supplies part of the thenar, abductor and opponens pollicis muscles, and also the 1st and 2nd lumbrical muscles. On the palm, it supplies the skin of 3.5 fingers (I, II, III and half of IV).
From posterior fasciculus:
-axillary nerve (n. axillaris), thick and short (some anatomists attribute it to the short branches of brachial plexus), it exits through the quadrilateral opening in the posterior wall of the axillary fossa. The final branch of this nerve is the upper lateral skin nerve of the upper arm where it supplies the skin of this area. It gives muscular branches to deltoid and teres minor muscles.
- radial nerve (n. radialis) – the thickest of the nerves of brachial plexus, goes back and passes in the canal of radial nerve, where it is disposed in it together with the deep brachial and similarly named veins. In the region of the cubital fossa it divides into superficial and deep branches. It supplies the posterior group of muscles of the upper arm and forearm. Its sensory fibers supply the skin of posterior surface of upper arm, forearm, dorsal part of hand in area of 2.5 fingers (I, II and halve of IIIrd). The radial nerve can therefore be named king of the posterior surface of the upper limb.
To pay attention to combination of letters “UMRU” (in Russian – “I shall die”) for conditional denotation of innervation of skin of fingers of a hand: from the palm 1.5 fingers supplied by ulnar nerve and 3.5 – by median one, after passing to the dorsal side from a lateral side 2.5 – radial and 2.5 – an ulnar one. To pay attention, that distal phalanges of fingers on the dorsal side are supplied like the palm – from medial side 1.,5 finger – by an ulnar nerve, from lateral – 3.5 finger are supplied by a median nerve.

Questions of final control:
1. By what nerves is the brachial plexus created; its localization?
2. What parts are present in the brachial plexus?
3. Name the short branches of plexus.
4. What does infraclavicular part of brachial plexus consist of?
5. The topography of long branches of brachial plexus in the axillary fossa.
6. What nerves originate from a medial fasciculus, what do they supply?
7. What nerves originate from a lateral fasciculus, what do they supply?
8. What nerves originate from a posterior fasciculus, what do they supply?
9. Features of innervation of the skin of the hand.
10. Topography of median nerve.
11. Topography of ulnar nerve.
12. Topography of radial nerve.
11. Innervation of what nerve prevails in the posterior areas of the upper limb?
12. What long nerves of brachial plexus do not give off branches to the upper arm?

The program of independent work
	Educational tasks
	Specification of tasks

	1. To know the principles of formation of SN.
	1. To draw a scheme of formation of SN.

	2. To characterize the interscalenum space. To name the muscles that forms the walls of the axillary fossa; to explain features of its posterior wall.
	1. To draw a scheme of formation of foramina trilaterum and quadrilaterum on the posterior wall of axillary fossa. What passes through them?

	3. To study branches of the brachial plexus and ascertain their zones of innervation.
	1. To find on the fasciculi of a corpse, short and long branches of brachial plexus and to ascertain their zones of innervation. To trace the pathway of axillary nerve.

2. To study innervation of skin of shoulder, upper arm, forearm and hand. To pay attention to innervation of skin of distal phalanges of fingers.


Make notes on all of points of independent work in notebooks; write the dictionary of anatomical terms, sketch schemes, pictures and annotate.
theme 15

Lumbar plexus. sacroccygeal plexus.

Items for discussion.

Lumbar plexus:  development, topography, branches, areas of innervation. Sacral plexus: development, topography, classification of branches. Short branches of sacral plexus: topography, areas of innervation. Long branches of sacral plexus:  topography, areas of innervation. Coccygeal plexus: development, topography, branches, areas of innervation.

On practical employment the student must pass the computer control: to answer 30 objective questions and situational tasks on spinal nerves.

Topicality of a theme

The study of this theme is necessary for understanding of subsequent material on the topographical anatomy, surgery, nervous diseases and other disciplines. During studying of the lumbar and sacrococcygeal plexus, the student will know about innervation of abdomen, pelvis and lower extremities. It is impossible for morphologically grounded understanding of the reason of origin and localization of functional disorders, pains, and violations of sensitiveness of some diseases, and also be able to differentiate them. 

Purpose of training

Find, name and show on corpse, plastic models and tables lumbar and sacro-coccygeal plexuses and their branches. To study the areas of its innervation. To understand, what branches of spinal nerves they are formed from, through what topographical formations and what vessels the nerves of these plexuses pass with. To define the practical value.

The student should know:

1. Latin terminology of this theme.

2. Principles of formation of spinal nerves and plexuses

3. Topographical areas transmitting the nerves of lumbar plexus (lacuna musculorum, Gyunterovs canal and obturator canal, greater and lesser sciatic foramens).

4. Topographical areas transmitting the nerves of sacro-coccygeal plexus (infrapiriforme – and suprapiriform foramens, popliteal fossa, cruropopliteal canal).

5. Branches of lumbar plexus and area of innervation.

6. Branches of sacro-coccygeal plexus and area of innervation.

The student should be able to:

1. Show on tables, plastic models and on corpse lumbar and sacro-coccygeal plexus

2. Show on a corpse topographical formations transmitting the nerves of lumbar plexus.

3. Show on a corpse obturator nerve and place of its output on the thigh, areas of innervation.

4. Show on a corpse topographical formations transmitting the nerves of sacral plexus (large and small sciatic foramens, popliteal fossa, cruropopliteal canal, grooves of the sole).

5. Show on a corpse and name the walls of popliteal fossa and its content.

6. Show on a corpse the areas of innervation of sacrococcygeal plexus/

Questions of initial level:

1. General description of spinal nerves: their formation, description of branches.

2. General description of brachial plexus: development, localization.

3. Classification of branches of brachial plexus, their description.

4. Topography of long branches of brachial plexus in an axillary fossa

5. Features of a cutaneous innervation of the hand

6. Topography of nerves of upper extremity

 REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	The student should know
	The student should be able

	Anatomy: osteology
	1. Structure of vertebral column: its parts, intervertebral foramen.
	1. To show on skeleton and separate preparation the parts of vertebral column, vertebral canal, intervertebral foramens.

	Anatomy: myology
	1. Muscles of the abdomen, lumbar region.

2. Muscles of pelvis and free lower extremity.

3. Topographical formations of these areas.
	1. To show on a corpse and plastic models of muscle of abdomen, lumbar region; muscle of the pelvis, free lower extremity.

2. To show on a corpse and plastic models lacuna vasorum and lacuna musculorum, Hunter's, and obturator canal, greater and lesser sciatic openings, supra- and infrapiriform foramens, popliteal fossa, cruropopliteal canal.

	Anatomy: nervous system
	1. Anatomical structure of the spinal cord, spinal segment.

2. Topography and description of roots of the spinal cord, SN.
	1. To show on a table and natural preparation spinal ganglion and SN.

2. To draw a scheme of simple reflex arc.

	Histology: embryology
	1. Stages of ontogenesis of the nervous system.
	1. To draw the scheme of development of the nervous system.


Practical equipment: skeleton, dissected vascular-nervous corpse with the branches of lumbar and sacrococcygeal plexus, tables.

Self-dependent work
Before studying the lumbar plexus, it is necessary to get a clear idea that a lumbo-sacral plexus (pl. lumbosacralis) is formed from all of the anterior branches of lumbar, sacral and coccygeal nerves. It is divided into two plexuses: lumbar and sacrococcygeal.

Lumbar plexus (pl. lumbalis) is formed from anterior branches XII thoracic (partly), I, II, III, IV (partly) lumbar spinal nerves.  In a corpse it is disposed in the thickness of psoas major muscle.

Studying the nerves of lumbar plexus, firstly it is necessary to select muscular branches (rr. musculares), which innervates the quadrates lumborum muscle, greater and lesser psoas muscles.

To understand, that iliohypogastric nerve most highly goes out from the lumbar plexus (n. iliohypogastricus). It lies on the quadrate muscle parallell to XII intercostal nerve. Then it penetrates between the transverse muscle and internal oblique muscles of abdomen and ends in the hypogastric area. It innervates the muscles of the anterior abdominal wall. By anterior and posterior cutaneous branches: it innervates the skin of the suprapubic area and skin of the thigh in the area of the greater trochanter.

Below the previous one, the ilioinguinal nerve (n. ilioinquinalis) arises, which also passes between the abdominal muscles, and its cutaneous branch passes through the inguinal canal and crutches in the skin of scrotum (large sexual lips).

Yet below, on the iliac muscle, the lateral cutaneous nerve of the thigh (n. cutaneous femoris lateralis) passes under the inguinal ligament and innervates the lateral surface of the skin of the thigh.

Genitofemoral nerve (n. genitofemoralis) is disposed on the anterior surface of greater psoas muscle and divides on two branches: a) genital (r. genitalis), which passes in the inguinal canal and innervates the cremaster muscle and shells of the testicle (for men), round ligament of the uterus and skin of sexual lips (for women); b) femoral (r. femoralis), it passes through a lacuna vasorum and innervates the skin of the thigh below the inguinal ligament.

The biggest nerves of this plexus are femoral nerve and obturator nerve.

The femoral nerve (n. femoralis) leaves the thigh through lacuna musculorum under the inguinal ligament, together with the iliac and greater psoas muscles. On the thigh the nerve is distributed into branches: muscular (to the ilio-psoas muscle, quadriceps muscle, sartorius muscle and pectineal muscles); anterior cutaneous nerve of the thigh and subcutaneus nerve of the leg (n. saphenous). The saphenous nerve passes together with the femoral artery and femoral vein adductor canal (Gyunterov), goes downward on the medial surface of leg, rounds a medial ankle and passes to the medial edge of foot.

The obturator nerve (n. obturatorius) goes out from the lumbar plexus medially from a lumbar muscle, goes down in a small pelvis, on its lateral wall arrives an obturator channel, through which goes out on the medial surface of thigh and innervates the medial group of muscles of thigh, skin of medial surface of inferior portion of thigh and hip joint.

At the study of sacral plexus (pl. sacralis), it is necessary to get a clear idea, that it is the largest from the plexuses and it is formed by anterior branches of IV (partly) and V lumbar, all sacral and coccygeal spinal nerves. To find plexus on natural preparation, it lies in the small pelvis on the piriform muscle. Its branches go out from the pelvis through infra- and suprapiriform foramens in the gluteal area.

It is necessary to pay attention that the branches of this plexus divide into short and long nerves.

Short nerves: a) muscular – innervates piriform, internal obturator, gemellus and quadrate muscles; b) superior gluteal nerve (n. gluteus superior) – passes through the suprapiriforme foramen and innervates middle, lesser gluteal muscles and tensor muscle of fascia lata; c) inferior gluteal nerve (n. gluteus inferior) – passes through the suprapiriform foramen and innervates the greater gluteal muscle; d) pudendal nerve (n. pudendus) - goes out from a small pelvis together with a inferior gluteal nerve, after rounds the ischial spine and through the small sciatic foramen goes back into the pelvis. In the ischio-rectal fossa it divides into terminal branches and innervates the external sphincter and skin of circumference of the anus, perineal skin and muscles, skin of posterior surface of the scrotum or large sexual lips, penis or clitoris. The pudendal nerve is contains numerous vegetative fibers.

Long branches of sacral plexus are the posterior cutaneous nerve of the thigh (n. cutaneous femoris posterior) and schiatic nerve (n. ischiadicus).

It is necessary to master, that the posterior cutaneous nerve of the thigh (n. cutaneus femoris posterior) is sensitive and innervates the skin of the lower third of the gluteal area, perineum, posterior surface of the thigh and popliteal fossa.

Sciatic nerve (n. ischiadicus) – mixed. It is the largest nerve of the human body. From the pelvis it leaves through the suprapiriform foramen, in the gluteal area it lies under the greater gluteal muscle. On the thigh, at the lower edge of this muscle the nerve lies comparatively superficially, directly under the fascia lata (place of most possible damage). On the thigh it passes in the layer of posterior group of muscles and innervates them. In the popliteal fossa the sciatic nerve divides into tibial and common fibular nerves.

It is necessary to find and examine the tibial nerve (n. tibialis). On the middle of popliteal fossa the medial cutaneus nerve of leg (calf) arises from it, then the nerve goes through the cruropopliteal canal, together with the posterior tibial artery and the same-named veins. Then it curves round the medial ankle, passes to the sole and divides by terminal branches; medial and lateral tibial nerves which lie in the same name grooves. The medial cutaneous nerve of the leg innervates the posterior group of muscles of the2 shin and skin of medial surface of posterior part of shin. The medial plantar nerve innervates the short flexor of fingers, I and the II vermiform muscles and skin of sole in area of the first 3,5 fingers; lateral plantar nerve – other muscles of sole and skin of area of the last 1,5 fingers. The arthral branches of tibial nerve innervate knee and talocrural joints.

The general fibular nerve (n. peroneus (fibularis) communis) near the head of fibula (in this place it lies superficially and can be damaged) divides into: a) superficial which passes in the layer of lateral group of muscles of leg) and b) deep (lies in the layer of anterior group of muscles of leg) fibular nerves. The end branches of these nerves go down on the ТЫЛ СТОПЫ. The superficial fibular nerve innervates the lateral group of muscles of the foot and greater part of dorsum of the foot. Deep fibular nerve – innervates anterior group of muscles of leg, muscles of dorsum of the foot and skin of 1st interdigital interval.

Thus, the sciatic nerve and its branches innervates the muscles of posterior group of thigh, all muscles of leg and foot, skin of leg (except medial surface) and foot (except medial edge of dorsum of the foot).

It is necessary to memorize, that intramuscular injections should be done in the superio-lateral quadrant of buttock,inorder not to injure the sciatic nerve.

Coccygeal plexus is formed by V(5) lumbar and coccygeal spinal nerves - innervates the skin above the coccyx.

Questions of final control:

1. The formation of lumbar plexus and  its localization.

2. Areas of innervation of femoral nerve?

3. Passway and areas of innervation of obturator nerve.

4. What anatomical formation provides a passage for femoral nerve on the thigh?

5. Formation and localization of sacrococcygeal plexus.

6. What groups are the branches of sacral plexus divided by?

7. What are the short branches of sacral plexus and what areas they innervate?

8. Through what foramen the sciatic nerve exit in the gluteal area?

9. Passway of sciatic nerve. Where is a nerve situated most superficially?

10. What  order do the elements of the vascular-nerve branch in the popliteal fossa?
11. What nerve innervates the medial group of muscles of thigh?

12. What nerve innervates the lateral group of muscles of thigh?

13. What are the terminal branches of tibial nerve. What are the areas of their innervation?

14. What nerve innervates the anterior group of muscles of leg?

15. What nerve innervates the posterior group of muscles of leg?

16. What nerves innervates the skin of thigh?

17. What nerves innervates the skin of leg?

18. Innervation of skin of foot?

The program of independent work.
	Educational tasks
	Exact items

	1. To know the principle of the spinal nerves formation.
	1. To draw the scheme of spinal nerves formation.

	2. To study the topography of pelvic area, places of exit of vascular-nerve bundles.
	1. To show and name on tables, plastic models, corpse, structures which formed and the structures which pass through: lacuna vasorum and lacuna musculorum, greater and lesser sciatic foramens, obturator cannel.

	3. To remember the topography of lower extremity. To know the areas of innervation of lower extremity by the branches of lumbar and sacro-coccygeal plexuses 
	1. To show and name (on tables, plastic models, corpse), what formed: Gyunterovs cannel, popliteal fossa (the scheme of layout of elements of vascular-nerve bundle is “NEVA”), Gruber’s cannel and plantar grooves

2.To show on tables, plastic models, corpse the nerves, passing in these formations, areas of innervation.

	4. To study the sensory and motor branches of lumbar and sacro-coccygeal plexuses. To mark the areas of innervation of these nerves.
	1. To draw the coloured scheme of sensory and motor innervation of pelvic girdle and lower extremity (anterior and posterior side).


At all points self-instruction work in writing-books to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

theme 16. Review and GENERAL characteristics of cranial nerves. olFactory, optic, oculomotor, abducent and trochlear nerves.

Items for discussion.

Classification of cranial nerves, scheme of description. Anatomy of cranial nerves: function, source of development, forming principles, nuclei, their localization, exit of nerve from the brain, from the skull, branches of nerves, composition of their fibres,topography, areas of innervation. Anatomical features of I and II pairs of cranial nerves. Conducting tracts of sense of smell, sight, pupillary reflex. III, IV, VI pairs of cranial nerves: function, source of development, principle of formation, nuclei, exit of nerve from the brain, from the skull,  branches, composition of their fibers, areas of innervation, relations with the vegetative ganglion of head (ciliary ganglion).

Topicality of a theme

It is necessary to know that numerous analyzers, providing intercommunication of an organism with an external environment, are the components of peripheral nerves which are related to the cerebrum on development (cranial nerves). Innervations of some internal organs are also carried out by means of these nerves. Electrical impulse from external (or internal) irritant are transformed in receptors in nervous impulses, which act by cranial nerves on CNS for an analysis, response and control with the purpose of providing normal vital functions of an organism. The disturbance in one link of analyzer leads to development of different pathological states. Therefore the knowledge of functional anatomy of cranial nerves (CN) is necessary not only for neurologists, but also for the doctors of other specialties.

Purpose of training
To learn, name and find on specimens the anatomical structures of olfactory and visual analyzers, their subcortical and cortical centers. To learn, name and show nuclei and areas of innervation of oculomotor, abducent and trochlear nerves.
The student should know:

1. Latin terminology of this theme.

2. Onto- and phylogenesis of the nervous system.

3. Development of cranial nerves.

4. Principles of forming of cranial nerves.

5. Names and classification of cranial nerves.

6. Nerves, containing parasympathetic fibers.

7. Pathway of olfactory nerve.

8. Pathway of visual nerve.

9. Occulomotor nerve: description, places of localization of nuclei, places of exit from the brain and skull.

10. Pathway of pupillary reflex.

11. Trochlear nerve: description, places of localization of nuclei, places of exit from the brain and skull.

12. Abducent nerve: description, places of localization of nuclei, places of exit from the brain and skull.

13. To know the cortical centers of olfactory and visual analyzers.

The student should be able to:

1. Name and show main formations of the central and peripheral nervous system.

2. Draw a reflex arc.

3. Name and show on natural specimens of cerebrum the centers of the parasympathetic nervous system.

4. Show openings, through which olfactory, optic, oculomotor, abducent and trochlear nerves exit (or enter) the skull.

5. Show the places of entrance (exit) of these nerves the brain.

6. Show on preparation the mesencephalon and brainstem and the projection of nuclei iii, iv and vi pairs of cranial nerves.
7. Show and name the olfactory area of nose.
8. Show on specimens the compartments of optic nerve.

9. Show on specimens of brain the subcortical centers of vision and sense of smell, cortical ends of these analyzers.

Questions of initial level:

1. Determination of the nervous system, Its Classification.

2. Elements of the nervous system. Classification of neurons. Description of nervous fibres.

3. Reflex arc.

4. Division of the vegetative nervous system into sympathetic and parasympathetic, functional distinctions.

5. General structure and topography of cerebrum.

6. Places of exit of CN from the brain.

7. Vegetative nuclei of the grey matter, places of localization.

8. Name and topography of internal organs and glands of human organism.

9. Anatomical formations of skull which transmit CN.

10. Localization of olfactory area in nasal cavity.

11. Where the subcortical and cortical centers of olfactory analyzer are located?

12. Where the subcortical and cortical centers of optic analyzer are located?

Renewal of basic knowledges on the earlier studied themes and disciplines

	Discipline
	A student must know
	A student must be able

	Anatomy: craniology
	1. Anatomic structure of cavities of skull.


	1. To show the bones of skulls which participate in formation of nasal cavity and orbit.

	
	2. Anatomic structure of external and internal base of skull.
	1. To name openings in a skull, which CN pass through.

	Anatomy:

splanchnology;

sense-organs
	1. Anatomic structure of nasal cavity, nasal meatuses.
	1. To show the olfactory area of nose.



	
	2. Organ of vision, structure of an eyeball, accessory apparatus of an eye.
	1. To show and name parts of an eyeball, its shells.

2. To show and describe the muscles of the eye

	Anatomy: CNS
	1. Classification of the nervous system, its elements. Reflex arc.


	1. To name surfaces, grooves and gyri of brain, places of exit (entrance) the CN.

	
	2. Central and peripheral parts of somatic and vegetative NS.


	1. To show and name the vegetative nuclei of grey matter, places of localization.

	
	3. Anatomical structure of cerebrum.
	1. To show the location of subcortical and cortical centers of olfactory analyzer.

2. To show, where the subcortical and cortical centers of optic analyzer are located.

	Histology
	1. Ontogenesis of cranial nerves.
	1. To name the basic stages of intrauterine development of cranial nerves.

	Biology
	1. Phylogenesis of cranial nerves.
	1. To name the basic stages of phylogenesis of cranial nerves.


Practical equipment: brain: whole and sagittal section, skull, tables.

Self-dependent work
Proceeding to the study of cranial nerves, (Nervi craniales), it is necessary to understand, that there are 12 pairs and they go out from the different parts of the cerebrum. Functionally all nerves are divided into:

- Sensory – I, II. VIII pair;

- Motor – III, IV, VI, XI, XII pair;

- Mixed – V, VII, IX, X pair.

In structure of III, VII, IX, X pairs of nerves are present vegetative (parasympathetic) fibers.

The description of cranial nerves is provided in accordance with the generally accepted scheme:

1. Number and name of nerves (English, Latin).

2. Functional description (motor, sensory, mixed).

3. Source of development.

4. Nuclei of nerve (name, functional description, topography).

5. Principle of formation of nerve, sensitive ganglions of nerves.

6. Place of entrance (sensitive) or exit (motor, parasympathetic) from the brain.

7. Place of entrance or exit of nerve from the skull.

8. Pathway of nerve on the periphery.

9. Parasympathetic ganglions, related to the nerve.

10. Main trunks and branches of nerve, areas of innervation.                                                                                  

Pay your attention that CN have similar structure to spinal nerves. Motor nerves are similar to structure of anterior roots that are the sprouts of cages of motive kernels. Sensory, the same as posterior root are formed from processes of sensory ganglion cells. Mixed nerves - correspond to the complete structure of spinal nerves.

To get a clear idea of, that cranial nerves, as well as spinal, they have nuclei of grey matter:

- Motor – corresponds to the nuclei of anterior horn;

- Sensory – to the nuclei of posterior horn;

- Vegetative – to the nuclei of lateral horn.

It is necessary to specify, that olfactory and optic nerves differ on the structure from all other sensory nerves (does not have ganglions), because there are outgrowth of telencephalon and mesencephalon.
The I pair of cranial nerves is olfactory nerves (nn. olfactorii) – are outgrowth of forebrain.
To find out that olfactory cell (1st neuron of olfactory tract) situated directly in the mucous membrane of nasal cavity (superior nasal concha, superior part of nasal septum). The central processes of cells are formed by 15-20 olfactory filaments (fila olfactoria)which pass in the cavity of skull through openings of cribriform plate of ethmoid bone and ends in an olfactory bulb (bulbus olfactorius), where the bodies of 2nd neurons of olfactory tract are located. Their axons form an olfactory tract (tractus olfactorius), transiting in an olfactory triangle (trigonum olfactorii) and anterior perforated substance (substantia perforate anterior), where the bodies of 3rd neurons are located. The all above mentioned parts of olfactory tract form the peripheral part of olfactory brain. Furthermore the olfactory impulse passes in the cingulategyrus and parahippocampal gyrus, bends and ends in the uncus (uncus gyri parahyppocampalis) – cortical center of smell sense. Remember and find these formations on specimens of brain.

The II pair of cranial nerves (optic nerve, n. opticus) – develops from the forebrain and becomes its outgrowth. It is necessary to remember the structure of eyeball, to pay the special attention to the structure of capsule, consisting of 3 shells. The retina of the eye is a part of cerebral tissue, seen on periphery and has a difficult multi-layered structure (pigmented layer, bipolar cells and ganglionic cells). To pay attention, that the optic nerve is formed by the central processes of ganglionic cells of retina. Optic nerve consists of four parts: intraocular, orbital, canal and intracranial. In the cavity of the skull on sulcus chiasmaticus of sphenoid bone both nerves decussate (the decussation is incomplete – the medial fibers of nerve decussate only). Pay attention, that after the decussation (chiasma opticum) the optic tract (tr. opticus) begins. It consists of fibers from the proper halves of the retina proceeding after the decussation right – from the right halves of both eyes, left – from left. Further the optic tract goes near the subcortical centers of vision (superior colliculi of quadrigeminal plate, colliculi superior tecti mesencephalia; pulvina of the thalamus, pulvinar thalami; lateral geniculate bodies, corpora geniculata laterale), interconnect with their neurons and their axons of which pass in the cortical center of the optic analyzer (fissura calcarina).

Examinations on specimens, the optic tracts are rounded by the cerebral peduncles of the brain from the lateral side and ends in the subcortical centers of vision. To get a clear idea that, the processes of cells of the lateral geniculate body and pulvina of the thalamus are components of the optic radiation (radiatio optica) pass the end of the posterior limb of the internal capsule to the cortical center of vision – wedge shaped (cuneus) and lingual gyrus (gyrus lingualis), located on both sides the calcarine sulcus on the medial surface of the occipital lobe.

To find out from textbooks, that visual impulses from superior colliculi interconnect:

à) With the tectospinal tract and cause protective movements in response to sudden visual radiations;

á) With the accessory nucleus (parasympathetic) of occulomotor nerve and as a component of its branches arises the ciliary muscle and sphincter pupil muscle. Because of this the size of the pupil and its reflex is regulated (it depends on the amount of light) and then an accommodation occurs.

In conclusion to verify from textbooks, that the optic tract consists of a chain of four neurons. First three (cells of roots and horns, bipolar and ganglionic cells) located in the retina (1st neuron of optic tract), cells of fourth neuron are in the lateral geniculate bodies and pulvina of the thalamus (2nd neuron).
III, IV and VI pair of cranial nerves were differentiated from spinal nerves and developed in connection with cranial prefuricular myotomes.III pair is the occulomotor nerve(n. oculomotorius). It has 2 nuclei:

- Somatic – its fibers innervate striated muscles of eyeball;

- Parasympathetic - accessory (nucleus of Edinger –Westphal, or Yakubovich), its fibers innervate the sphincter pupil muscle and ciliary muscle.

To trace the topography of the occulomotor nerve on a preparation and skull. It begins from the nuclei, located in the cerebral peduncles under the superior colloculi, leaves the fossa interpeduncularis and passes in the orbit through superior orbital fissure. To memorize, that in the cavity of the skull an oculomotorius is passed by the cavernous sinus of dura matter (in addition, in a sinus there are internal carotid artery, IV, VI cranial nerves and I branch of trigeminal nerve).

In the orbit the nerve is divided into two branches: superior (ramus superior) and inferior (ramus inferior), which innervates three direct muscles of eyeball (superior, medial and inferior), lower oblique muscle and levator palpebrae superioris muscle. You will see muscles and branches of the nerve on natural preparation.

To specify from textbooks, that parasympathetic fibers move away from the lower branch of nerve and enter the ciliary ganglion (gangl. ciliare). From the ganglion the postganglionic fibers go to the internal eye muscles – sphincter pupil muscle, and ciliary muscle.

The IV pair is the trochlear nerve (n. trochlearis), has a somatic motor nucleus (nucl. n. trochlearis) which lies in the cerebral peduncles at the level of inferior colliculi.

This is the only nerve which goes out dorsally from the superior cerebral vellum, then after runs from sides of the cerebral peduncles and appears on the basal surface of the brain between peduncles and temporal lobes of hemispheres. As well as previous nerve it passes through cavernous sinus and superior orbital fissure (sinus cavernosus). It innervates the superior oblique muscle of the eyeball (m. obliqus oculi superior).

The VI pair is the abducent nerve (n. abducens), has a motor somatic nucleus (nucl. n. abducens), disposed in the tegmentum of Pons. The nerve goes out from the brain in a transverse fissure between the Pons and pyramids of medulla oblongata, then passes through cavernous sinus, superior orbital fissure and innervates the lateral oblique muscle of the eyeball (m. rectus oculi lateralis).

To mark that in the composition of nerves innervates muscles of eyeball; there are also present sensitive proprioceptive fibers.

Questions of final control:

1. What are the names of cranial nerves

2. Name motor, sensory and mixed nerves.

3. What nerves contains parasympathetic fibers?

4. Pathway of olfactory nerve.

5. What are the structures and the neurons of olfactory analyzer and where they are localized

6. Pathway of optic nerve.

7. Where are the subcortical and cortical centers of optic analyzer located?

8. What are the neurons of optic tract.

9. Occulomotor nerve, its description, places of localization of nuclei, places of output.

10. Pathway of pupillary reflex.

11. To describe the trochlear nerve according to scheme.

12. To describe the abducent nerve according to scheme.

The program of independent work
	Educational tasks
	Exact items

	1. To remember walls of orbit and nasal cavity; topography of internal and external base of the skull.
	1. To define on a skull and most specimens of formations of orbit and nasal cavity, relating to the olfactory, optic and oculomotor nerves; to be able to show them.

2. To show on a skull the places of exit of IV and VI pairs of CN.

	2. To study surfaces, parts, grooves and gyri of brain, relating to I, II, III, IV and to the VI pair of CN.
	1. To show on most preparation the places of exit (entering) in the brain of these CN.

2. To trace on most preparation the exit of I, II, III, IV and VI pairs of CN.


At all points self-instruction work in writing-books to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

theme 17. TrigeRminal nerve. 1st and 2nd branches of trigeminal nerve

Items for discussion.

V pair of cranial nerves: intracranial part — source of development, nuclei, their topography, trigeminal ganglion, principle of formation, sensory and motor roots, exit on the base of brain. 1st and 2nd branches of the V pair: composition of fibers, exit from the skull, areas of innervation, connections with the vegetative ganglions of head.
Topicality of a theme

Knowledge of anatomy and topography of trigerminal nerve will help to understand the clinical displays of diseases of this nerve (neuritises, traumatic and tumor damages), and also reasons and displays of functional violations from tissues and organs innervated by it. Knowledge of features of distribution of branches of nerve on face, areas of their innervation is especially important for maxillofacial surgeons, stomatologist, neurologists and ENT-specialists.

Purpose of training
To learn, name and show on tables, charts, plaster casts, specimens trunk, ganglions and branches of trigeminal nerve, vegetative neuroganglions, areas of innervation. To master and be able to show the places of exit of branches of trigeminal nerve from the cranial cavity.
The student should know:

1. Latin terminology of this theme.

2. Development of trigeminal.

3. Principle of forming of trigeminal.

4. Canals of trigeminal nerve
5. Topography of trigeminal nerve, its branches.

6. Place of output on the base of brain and description of intracranial part.

7. Localization of nuclei, structure of trigeminal ganglion.

8. What parasympathetic ganglions give fibers to branches of trigeminal nerve?

9. Ophthalmic nerve and its branches, areas of innervation.

10. Branches of maxillary nerve and area of innervation.

11. Branches of mandibular nerve and area of innervation.

12. Motor nerves of the third branch of trigeminal nerve.

13. Innervation of the skin of the face.

The student should be able to:

1. Show impression of trigeminal ganglion on a skull.
2. Show the places of entrance and exit of branches of trigeminal nerve on the skull, specify the places of location of knots at each of its branches, to describe the places of location of knots at each of its branches.

3. Show on most preparation the barrel of trigeminal and Gasserov knot, to give his description.

Questions of initial level:

1. What are the names of cranial nerves?

2. Name motor, sensory and mixed nerves.

3. What nerves contain parasympathetic fibers?

4. Pathway of olfactory nerve.

5. What are the structures and the neurons of olfactory analyzer and where they are localized

6. Pathway of optic nerve.

7. Where are the subcortical and cortical centers of optic analyzer located?

8. What are the neurons of optic tract.

9. Occulomotor nerve, its description, places of localization of nuclei, places of output.

10. Pathway of pupillary reflex.

11. To describe the trochlear nerve according to scheme.

12. To describe the abducent nerve according to scheme.

Recollection of basic knowledges on the earlier studied themes and disciplines

	Discipline
	A student must know
	A student must be able

	Anatomy: craniology
	1. Anatomical structure of cavities of the skull.
	1. To show the places of exit (entrance) of CN through skull.

	
	2. Anatomical structure of internal and external base of the skull.
	1. To show impression of ganglions of trigeminal nerve on the skull.

	Anatomy:

myology;

splanchnology;
	1. Muscles of head and neck.


	1. To show on a corpse and give description of the muscles of head and neck.

	
	2. Organs and walls of cranial cavity.
	1. To name and show the organs of the oral cavity and structure and what forms its walls.

	
	3. Glands of the head.
	1. To show and describe the salivary glands.

	Anatomy: CNS
	1. Anatomical structure of cerebrum.


	1. To name surfaces, grooves and gyri of brain, places of exit (entrance) of CN.

	
	2. Central and peripheral parts of somatic and vegetative NS.
	1. To show ciliary, pterygopalatine and optic vegetative ganglions.

	Histology
	1. Ontogenesis of cranial nerves.
	1. To name the basic stages of intrauterine development of cranial nerves.


Practical equipment: dissected corpse, cerebrum: whole and sagittal section, skull, tables.

Self-dependent work
V, VII, VIII, IX, X and the XI pair of cranial nerves are derivative of brachial arcs. The trigeminal nerve appears by confluence of two nerves – deep ophthalmic (skin and anterior surface of head) and actually trigeminal (skin and muscles of mandibular arc).

The V pair is a trigeminal nerve (n. trigeminus), mixed, in the composition of nerve are present: 4 nuclei, trunk, trigeminal ganglion, three branches.

To study the nuclei of trigeminal nerve, there are three sensory and one motor. A proprioceptive sensory nuclei is disposed in the cerebral peduncles, the rest – in the tegmentum of Pons. The nerve goes out on the ventral surface of Pons, on a border between the middle cerebellar peduncles, and passes in the cavity of the skull to the trigeminal ganglion. The trunk of nerve consists of two roots: motor and sensory.

To get a clear idea that the motor root (radix motoria) is formed from the processes of cells of motor nucleus. Sensory root (radix sensorial) – by the central processes of trigeminal ganglion cells.

Trigeminal ganglion (Gassers), gangl. Trigeminale, located on the top of the pyramid of temporal bone in the separation of dura mater. The same as all sensory ganglions, the trigeminal ganglion consist of pseudounipolar cells, the peripheral processes of which form three branches of nerve: ophthalmic (n. ophalmicus), maxillary (n. maxillaris) and mandibular (n. mandibularis).

To memorize, that the motor root enters only into the third branch, therefore the first two branches – sensory and third – mixed.

The 1st branch of trigeminal nerve is ophthalmic nerve, n. ophthalmicus. Together with III, IV and VI it enters the cavernous sinus and before entering into the orbit through superior orbital fissure divides into three nerves: lacrimal, frontal and nasociliary. Before a division from an ophtalmic nerve a tentorial branch pass to the dura mater. With an ophthalmic nerve a parasympathetic ciliary ganglion, providing innervation of ciliary muscle and sphincter pupil muscle, is located.

- Infratrochlear nerve (n. infratrochlearis) - innervates the medial angle of the eye and lachrymal apparatus (lachrymal gland, canal, lachrymal sac).

Lacrimal nerve, n. lacrimalis. To pay attention, that in orbit it is disposed laterally, innervates a lacrimal gland, skin and conjunctiva of lateral corner of eye. It receives parasympathetic fibres from a zygomatic nerve.

Frontal nerve, n. frontalis. It is the thickest, situate in the middle, goes out from orbit as a supraorbital nerve (n. supraorbitalis) through of the same name opening; innervates an superior eyelid and skin of forehead to the coronal suture.

Nasociliary nerve, n. nasociliaris, lies in the eye socket most medially and gives the following branches:

- Communicating branch - to the ciliary ganglion (rr. ganglionares);

- Long ciliary nerves (nn. ciliares longi) - to the membranes of eyeball;

- posterior ethmoidal nerve (n. ethmoidalis posterior) - to the mucous membrane of cells of ethmoid bone and sphenoid sinus;- anterior ethmoidal nerve (n. ethmoidalis anterior) – by internal branches innervates the mucous membrane of nose and frontal sinus, and by an external branch - skin of the back of nose;

- Infratrochlear nerve (n. infratrochlearis) - the medial corner of eye and lacrimal apparatus (tear papillae, tubulis, dacryocyst).

2nd branch of the trigeminal nerve is the maxillary nerve, n. maxillaris. It moves away from the middle part of the trigeminal ganglion, enters into the pterygopalatine fossa, the foramen rotundum and there divides into branches. In the cranial cavity it gives a middle meningeal branch to the dura mater. Near the maxillary nerve a parasympathetic pterygopalatine ganglion is located in the pterygopalatine fossa. It gets parasympathetic fibers from the ganglion of intermediate nerve of the VII pair. From the ganglion, vegetative fibres as a component of zygomatic nerve and then in lacrimal nerve provide innervation of lacrimal gland.

To study in a textbook and pictures from an atlas the followings branches of supramaxillary nerve:

- Ganglionic branches (rr. ganglionares) - to the pterygopalatine ganglion;

- Zygomatic nerve (n. zygomaticus) - enters the orbit and divides into zygomatico-temporal and zygomatico-fascial branches which pass through zygomatic bone and innervates the skin of the corresponding areas

- infraprbital nerve (n. infraorbitalis) – enters the orbit through inferior orbital fissure, there disposed in a infraorbital fissure and goes out on a face in the region of fossa canina, where divides on a branches to inferior palpebra, superior lip, mucous membrane and skin of nose.
To master, that from infraorbital nerve arise superior alveolar branches (anterior, middle and posterior). They form superior dental plexus and innervate the upper teeth.

To master the scheme of innervations of skin of face: the skin of face superiorly to the eyelid - innervated by ophthalmic nerve; skin of the face between the eyelid and rima oris- innervated by the maxillary nerve; the skin of face below rima oris- innervated by the mandibular nerve.

Questions of final control:

1. What are the components of trigeminal nerve?
2. Nuclei of trigeminal nerve. Structure and localization of trigeminal ganglion

3. What structures form the trunk of the nerve?

4. Topography of trigeminal nerve, its branches?

5. What parasympathetic ganglions give fibres to branches of trigeminal nerve?

6. Ophthalmic nerve and its branches. Areas of innervation.

7. Branches of maxillary nerve and area of their innervation?

8. Innervation of the orbit structures.

9. Innervation of the oral cavity, nasal cavity and upper teeth.

The program of independent work.
	Educational tasks
	Exact items

	1. To remember the topography of cranial fossa.
	1. Be able to show on a skull anatomical structures, relating to the trigeminal nerve: impression of Gassers ganglion, superior orbital fissure, foramen rotundum and foramen ovale..

	2. To study nerves, outgoing from the first branch of trigeminal nerve and to describe the ciliary ganglion.
	1. To define the areas of innervation of branches of ophthalmic nerve, and to select structures innervated by the ciliary ganglion.

	3. To study nerves, outgoing from the second branch of trigeminal nerve and to describe the pterygopalatine ganglion.
	1. To define the areas of maxillary nerve innervation, and to select structures, which receive innervation from a pterygopalatine ganglion.


At all points self-instruction work in writing-books for self-instruction work to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

theme 18. 3rd branch of trigeminal nerve. Facial nerve

Items for discussion.

3rd branch of the V pair: composition of fibres, exit from the skull, areas of innervation, connection with the vegetative ganglions of the head. VII pair (facial and intermediate nerves): function, source of development, nuclei, topography, principle of formation, exit from the base of the brain and skull, branches, composition of fibres, areas of innervation. Connections of branches of intermediate nerve with the vegetative ganglions of head (pterygopalatine, mandibular, hypoglossal).

Topicality of a theme
Knowledge of anatomy and topography of 3th branch of trigeminal nerve will help to understand correctly the clinical displays of diseases of this nerve (neuritises, traumatic and tumour damages), and also reasons and displays of functional violations innervated by it organs and tissues. Knowledge of features of distribution of branches of nerve on face, areas of their innervation is especially important for maxillofacial surgeons, stomatologies, neurologists and ETN-specialists.
Knowledge of the anatomy of facial nerve will help to understand correctly the clinical displays of pathology of these nerves (neuritises, traumatic and tumour damages). The feature of distribution of nerves on face should be discount during operating cuts, to avoid their damage. Knowledge of areas of innervation has an important value in stomatological practice.
Purpose of training.

To name and show on specimens ganglions and branches of 3th branch of trigeminal nerve and facial nerve, areas of innervation. To be able to show on a skull the places of output of nerves from the cranial cavity, on a dead body – location of muscular branches of ‘pes anserinus major’.
The student should know:

1. Latin terminology of this theme.
2. Development of mandibular and facial nerves.
3. Principles of forming of mandibular and facial nerves.
4. Branches of mandibular nerve and area of innervation.
5. Motor nerves of the third branch of trigeminal nerve.

6. Nuclei of facial nerve.
7. Place of exit of nerve from a brain and skull.
8. Pathway and topography of facial nerve.
9. Pathway and topography of intermediate nerve.
The student should be able to:

1. Show direction of knot of trifacial on a skull.

2. Show the places of entrance and output of 3rd branch of trifacial on the skull, specify the places of location of knots, and describe the places of location of knots.

3. Show the places of entrance and output of facial nerve from a skull.

4. Show on moist preparation the places of entrance (output) of nerve from the brain.

Questions of initial level:

1. How is the trifacial formed?
2. Topography of trifacial, his branches.

4. Place of exit of the base of brain and from the skull.

5. Localization of nuclei of trigeminal nerve. Trigeminal ganglion – localization and structure.

6. What parasymphatetic ganglions give fibers to branches of trigeminal nerve?

7. Ophthalmic nerve its branches, areas of innervation.

8. Branches of maxillary nerve, areas of innervation.

9. Innervation of mastication muscles and lower teeth.

10. Innervation of muscles of facial expression.

Renewal of base knowledges on the before studied themes and disciplines

	Discipline
	A student should know
	A student should be able

	Anatomy: craniology
	1. Anatomical structure of internal and external base of skull.
	1. To tell and show on preparation the structure of base of skull and temporal bone. 

	
	2. Anatomical structure of temporal bone.
	1. To name and show on preparation canals and openings of temporal bone.

	Anatomy: cardio-vascular system
	1. External carotid artery and its branches.
	1. Name arteries, blood supplying (from the system of external carotid) and their pathway.

	Anatomy:

myology;

Splanchnology.


	1. Muscles of the head and neck.


	1. To show on a dead body and describe the muscles of head and neck.

	
	2. Organs and walls of the oral cavity.
	1. To name and show the organs of the oral cavity and structures, which form it walls.

	
	3. Glands of the head.
	1. To show and describe salivary glands.

	Anatomy: CNS, sense-organs.
	1. Topography of rhomboid fossa.


	1. To show the place of projection of nuclei V and VII pairs of CN on the rhomboid fossa. 

	
	2. Organ of vision.
	1. To show and name parts of the eyeball, its shells.

2. To show and describe the muscles of eye.

	Histology
	1. Ontogenesis of cranial nerves.
	1. To name the basic stages of intrauterine development of cranial nerves.


Practical equipment: dissected corpse, brain: whole and sagittal section, skull, tables.

Self-dependent work
a 3rd branch of trigeminal nerve is a mandibular nerve, n. mandibularis, mixed, because the motor root of trigeminal nerve is included in it. Arises from the posterior part of the trigeminal ganglion, it exits the skull through the foramen ovale and divides on sensory and motor branches. In mandibular nerve present a parasympathetic otic ganglion, which situate near foramen ovale and receive fibers from lesser petrosal nerve (IX pair). From this ganglion an innervation of parotid salivary gland is carried out.

The sensory branches are:

- meningeal branch (r. meningealis) – arise in the cranial cavity to the dura mater;

- Auriculotemporal nerve (n. auriculo-temporalis) – innervates temporo-mandibular joint, skin of concave part of auricle, external acoustic meatus, temporal region and parotid salivary gland;

- buccal nerve (n. buccalis) - innervates the mucous membrane of cheek and skin of angle of mouth;

- Lingual nerve (n. lingualis) - innervates a mucous membrane of anterior 2/3 of tongue language and filiform papillae; from chorda tympani (VII pair), in lingual nerve enters a taste and parasympathetic fibres. Due to them innervates taste papillae (foliate and fungiform), submandibular gland and sublingual salivary glands;

- linferior alveolar nerve (n. alveolaris inferior) - in the channel of lower jaw forms lower dental plexus, innervates the teeth of lower jaw, and its terminal branch – a mental nerve innervates skin and mucous membrane of lower lip, skin of chin.

To memorize that the motor branches of mandibular nerve: masticatory nerve; deep temporal nerves; lateral pterygoid  nerve; меdial pterygoid nerve; tensor veil of palate; nerve of muscle tensor tympani, mylohyoid nerve.

To master the scheme of innervation of the skin of the face: the skin of face superiorly to the eyelid - innervated by ophthalmic nerve; skin of face between eyelid and rima oris- innervated by a maxillary nerve; the skin of face below rima oris- innervated by a mandibular nerve.

To pay attention, that the VII pair is the facial nerve, n. facialis (n. intermediofacialis), is necessary to study together with the intermediate nerve.

Facial nerve – motor, intermediate – mixed, contains parasympathetic and sensory fibres, is the homologues of posterior roots of spinal nerves. The nuclei of the VII pair are located in a rhomboid fossa:

- Motor;

- Parasympathetic – superior salivatory nucleus;
- Sensory is a nucleus of solitary tract, common from IX and by the V pair.

To memorize, that two last nuclei belong to the intermediate nerve this goes together with the facial nerve.
The facial nerve (n. facialis) goes out from the posterior margin of the Pons at the level of olives of medulla oblongata, after it enters into the internal acoustic meatus, goes through the facial canal and leaves the temporal bone in the area of the stylomastoid opening. Going out from a skull, a nerve perforates the thickness of parotid salivary gland and divides on branches (“pes anserinus major”), which, uniting between itself, form parotid plexus (plexus parotideus). Branches pass radially along the center in the region of the lobule of the ear and give innervation to muscles of facial expression (frontal, auricle, circular muscle of eye, muscles of nose, muscles of upper and lower lip, hypodermic muscle of eyelids): temporal (rr. temporales); zygomatic (rr. zygomatici); cheek (rr. buccales); regional branch of lower jaw (r. marginalis); neck branch (r. colli).

To pay attention, that in the facial canal the stapedius nerve (n. stapedius) arises. This nerve innervates an the same name muscle in a tympanic cavity. The intermediate nerve (n. intermedius) forms the geniculate ganglion (gangl. geniculi), chorda tympani (chorda tympani) and greater petrosal nerve (n. petrosus major).
The greater petrosal nerve consist of  secretory fibres from superior salivatory nucleus, which separates from facial nerve in the region of first geniculi and pass to the pterygopalatine ganglion, and from there to the glands of mucous membrane of nasal cavity, palate and to the lacrimal gland.
Drum string (chorda tympani), is mixed, moves away from the nerve in the inferior part of facial channel, enters the tympanic cavity, after leaving it through the petro-tympanic fissure and enters into the lingual nerve.
To memorize, that the secretory fibres of chorda tympani arise from cells of superior salivatory nucleus and innervate submandibular and sublingual salivary glands. Sensory fibers represented by the processes of cells of geniculate ganglion. The peripheral processes of these cells begin by taste receptors in papillae of anterior 2/3 of the tongue and central – appear in the sensory solitary tract nucleus.
Questions of final control:

1. Development of mandibular and facial nerves.

2. Principles of forming of mandibular and facial nerves.

3. Branches of mandibular nerve and area of their innervation.

4. Innervation of superior molars, premolars, canines and incisors

5. Innervation of lower teeth.

6. Motor nerves of the third branch of trifacial.

7. Innervation of the skin of the face.

8. Nuclei of facial nerve.
9. Place of exit of nerve from the brain.
10. Pathway and topography of facial nerve.
11. The branches of the parotid plexus.
12. What branches of the VII pair of CN  pass in the facial canal?
The program of independent work.
	Educational tasks
	Exact items

	1. To study the topography of cranial fossas, canals and foramens of base of skull. Turn the special attention on canals of temporal bone related to VIII pair.
	1. Able to show on the skull the borders of cranial fossas, anatomic formations, relating to the exit (to the entrance) from the skull VII, VIII and IX pairs of CN.

	2. To study motor fibres, exiting from the facial nerve and to define the areas of innervation. To determine what kind of fibers present in intermediate nerve. To transfer the nuclei of nerve.
	1. To select on a dead body the branches of “pes ancerinus major” and to show on natural preparation and tables the direction of their passway.

2. To relate the fibres of intermediate nerve (greater petrosal nerve and chorda tympani) to the parasympathetic ganglions of trigeminal nerve.

	3. To study nerves, leaving the third branch of trigeminal nerve and to describe otic, sublingual and submandibular ganglions.
	1. In the process of study of mandibular nerve to define the areas of its innervation and select structures, which receive a sympathetic, parasympathetic and sensory innervation from ganglions of the third branch of trigeminal nerve.


At all points self-instruction work in writing-books for self-instruction work to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

theme 19

Vestibulocochlear and glossopharyngeal nerves 

Items for discussion

Anatomy of the VIII pair: function, parts, source of development, nuclei, their localization, sensory ganglions, principle of formation, topography. Auditory and vestibular conducting tracts. IX pair: function, source of development, principles of formation, nuclei, topography, exiting of nerve from a brain, from a skull, branches, composition of their fibres, areas of innervation, connection with  the vegetative ganglions of head (with an otic ganglion).

Topicality of a theme
It is necessary to know that knowledge of anatomy of vestibulcochlear and glossopharyngeal nerves will help to understand correctly the clinical symptoms of pathology of corresponding nerves (neuritises, traumatic and tumour damages). It is necessary to take into account the feature of distribution of nerves on face, to prevent their damage during operation. Knowledge of areas of innervation of main branches of this nerves is very important in stomatological practice.
Purpose of training
To have a clear picture of features VIII and IX pairs of cranial nerves, functional description of nuclei of these pair, their places of exiting on the base of the brain
A student should know:
1. Latin terminology of this theme.
2. Development VIII and IX pairs of cranial nerves.
3. Principles of formation of VIII and IX pairs of cranial nerves.
4. Topography of vestibulcochlear nerve, its parts.
5. Location of vestibular and spiral ganglions.
6. Structure of vestibular and cochlear parts of nerve.
7. Passway of auditory analyzer.
8. Passway of statokynetic analyzer.
9. Topography of glossopharyngeal nerve, its nuclei, branches.
A student should be able:

1. To show the places of entrance and exiting of vestibulcochlear and glossopharyngeal nerves from a skull.

2. To show on the places of entrance (exiting) of nerves from a brain.

3. To show localization of cortical ends of auditory and vestibular analyzers.

Questions of initial level:

1. Branches of mandibular nerve and area of their innervation.

2. What branches innervating superior molars, premolars, incisors and canines?

3. What branches innervating lower teeth?

4. Motor branches of the third branch of trigeminal nerve.

5. Innervation of the skin of the face

6. What are the nuclei of facial nerve.
7. Place of exiting of nerve from a brain.
8. Passway and topography of facial nerve.
9. what are the branches of parotid plexus
10. What branches of the VII pair passing in a facial channel?
REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	A student shoud know
	A student shoud be able

	Anatomy: craniology
	1. Anatomical structure of internal and exyernal base of skull.

2. Anatomical structure of temporal bone.
	1. To tell and show the structure of base of skull and temporal bone.

1. To name and show canals and foramens of temporal bone.

	Anatomy: cardio-vascular system
	1. External carotid artery and its branches.
	1. To name arteries, supplying an ear (from the system of external carotid artery) their passway.

	Anatomy:

myology;

splanchnology;

sense-organs
	1. Muscles of head and neck.

2. Organs and walls of oral cavity

3. Salivary glands.

4. Pharynx

5. Anatomy of organs of taste, hearing and equilibrium.


	1. To show on a dead body and give description to the muscles of head and neck.

2. To show and describe an external, middle and internal ear.

3. To show and describe salivary glands.

	Anatomy: CNS
	1. Anatomical structure of parts of the brain.

2. Topography of rhombiod fossa.
	1. To show the projections of nuclei of VIII and IX pairs of CN on the rhomboid fossa

2. To show the parts of brain, where the subcortical centers of hearing are located in.

3. To show and name the nuclei of cerebellum, related to the vestibular apparate.

4. To show, where the cortical ends of taste, auditory and vestibular analyzers are located.

	Histology
	1. Ontogenesis of cranial nerves.
	1. To name the basic stages of prenatal development of cranial nerves.


Practical equipment: dissected corpse, brain: whole and sagittal section, skull, tables.

Self-dependent work

The VIII pair is a vestibulcochlear nerve(n. vestibulocochlearis), is sensory. Together with facial nerve it goes out from a pons and enters into an internal acoustic meatus, where divided into two parts of – vestibular and cochlear. The vestibular part conducts the impulses of static apparate, cochlear part – an auditory impulses. Nuclei: 2 auditory and 4 vestibular – located in the lateral corners of rhomboid  fossa.

To pay attention on feature of the VIII pair - nerves does not go out outside a skull.

Vestibular part (pars vestibularis) forming due to the processes of cells of vestibular ganglion, located on the bottom of internal acoustic meatus. Peripheral processes begins by the receptors of membranous labyrinth of internal ear. Central processes ends in the vestibular nuclei (superior, inferior, medial, lateral) of overlay of pons. From vestibular nuclei the processes go to:
- to the cerebellum;
- to the spinal cord;
- to the thalamus and cortex;
- to the nuclei of nerves, innervatin the muscles of eyeball;
- to the centers of the vegetative nervous system;
- quadrigeminal plate and reticular formation
Cochlear part (pars cochlearis) forming due to the processes of cells of spiral ganglion, located in the channel of bony spiral plate of modiolus. Peripheral processes begins by receptors in Cortiev organ, the central ends in anterior and posterior cochlear nuclei.

Using tables, charts in an atlas and textbook, to study apassway of  auditory conducting tract
1st neurone - are the cells of cochlear ganglion 
a 2nd neuron sutiate in a cells of anterior and posterior cochlear nuclei. Their central processes pass into a pons and go in composition a trapesoid body, and on a dorsal surface pass as a stria medullares cerebral strips, then form a lateral loop which ends in the subcortical centers of hearing – lower colliculi, medial geniculate bodies.
a 3rd neuron are the cells of inferior colliculi and medial geniculate bodies. Their processes forms an  auditory irradiation which passes through the posterior limb of internal capsule and ends in the cortical center of hearing, in middle part of superior temporal gyrus.
To consider on preparations a superior trapesoid body, cerebral cavities, inferior colliculi, medial geniculate bodies, internal capsule, superior temporal gyrus.
The IX pair is a glossopharyngeal nerve (n. glossopharyngeus), mixed, consists of motor, sensory and parasympathetic fibres. It has 3 nuclei, which are located in area of rhomboid fossa:
- motor – nucleus ambigius, common for X and XI pair;
- parasympathetic – inferior salivatory nucleus;
- sensory is a solitary tract nucleus, common for VII and X pair.
To trace the topography of glossopharyngeal nerve on preparations: it goes out from an medulla oblongata behind an olive together with vagus and acessory nerves, exiting the cranial cavity through the jugular foramen and in area of neck passes between an internal jugular vein and internal carotid artery and after this heads to the root of toung.
To memorize, that the nerve got two knots: superior (in the jugular foramen) and inferior (in a fossula petrosa on the lower surface of pyramid of temporal bone). Sensory part of nerve appears due to the processuses of cells of ganglions.
To study the basic branches of nerve on preparations, charts and tables:
- a tympanic nerve (n. tympanicus), mixed, innervates the mucous membrane of tympanic cavity and auditory tube. Continuation of nerve is a small petrosal nerve (n. petrosus minoris) which consists of parasympathetic fibres from a inferior salivatiry nucleus, it passes in the cranial, exiting from it through foramen lacerum and enters into an otic ganglion (Yakobsons anastomosis). The processeuse of cells of ganglion innervating a parotid gland and regulating its secretion;
- pharyngeal branches (rr. pharyngei) – innervates a mucous membrane and constrictors of pharynx;
- tonsillar branches (rr. tonsillares) - innervates tonsills and mucous membrane of palatal arches;
- lingual branches (rr. linguales) - innervates the mucous membrane of posterior third of the toung, contain taste fibres, going from vallate papillas;
- sine branch (r. sinus carotici) – begins by the chemo- and baroreceptors from the internal carotid sinus;
- branch of stilopharyngeal muscle (r. stylopharingeus) - innervates the same name muscle.
Questions of final control:

1. Describe a greater petrosal nerve.
2. Describe a chorda tympany.
3. Describe the topography of vestibularcochlear nerve, to name its parts.
4. Where is the vestibular and spiral ganglions located?
5. Describe the structure of vestibular part of nerve.
6. What departments of brain are vestibular nuclei related to?
7. Describe cochlear part of nerve.
8. What are the neurons of auditory thact.
9. What is lateral loop?
10. What are the nuclei of glossopharyngeal nerve.
11. Describe the topography of glossopharyngeal nerve, its branches.
12. What are the area of innervation of tympanic nerve.
13. To describe a lesser petrosal nerve.
Program of Independent work

	
	Educational tasks
	Specification of tasks

	1. 
	To study the topography of cranial fossas, ducts and foramens on the base of the skull. While studying the VIII pair to turn the special attention on ducts of temporal bone.
	1. Able to show on a skull the borders of cranial fossas, anatomical formations, relating to the exiting (to the entrance) from a skull of VIII and IX pairs of CN.

	2. 1

2.
	To look on fibres, which form the branches of vestibular-cochlear nerve. To define, what nuclei of the vestibular fields of rhomboid fossa they are related to.
	1. To accent attention on that the VIII pair doesn`t exit outside a skull. A vestibular nerve conducts impulses from the organs of equilibrium in an internal ear (pectineal cells of ampoules of the semicurcular ductings and light patches of utricle and sac), auditory nerve – from Kortievs organ.

	3.
	To study principles of formation of glossopharyngeal nerve and area of innervation. To describe the nuclei of this nerve.
	1. Motor, sensory and parasympathetic fibres forming the nerve. Parasimpathetic part of nerve enters in the complement of Yakobsonovs anastomose, and innervates parotid salivary gland.


On all of points of independent work in notebooks for independent work to do records: to write the dictionary of anatomic terms, sketch charts, pictures and denotations to them.

theme 20

Vagus nerve, acessory and hypoglossal nerves 

Items for discussion

X pair: function, source of development, nuclei, topography, sensory ganglions, principles of formation, exiting of nerve from a brain, from a skull, branches, area of innervation. XI, XII pairs: function, source of development, nuclei, topography, principles of formation, exiting of nerve from a brain, from a skull, area of innervation.
On practical employment a student shoud pass the computer testing: to answer on 30 tests and situatioonal tasks on cranial nerves.
Topicality of a theme

It is necessary to know that parasympathetic innervation of most part of internal organs is provided vaguss. Sensory and motor innervation of pharynx, larynx and muscles of the toung is provided by acessory and hypoglossal nerves. Therefore the knowledge of areas of innervation of this nerves is very important in a therapeutic and neurological clinic.
Purpose of training

To get the clear picture of features of structure and function X, XI and XII pairs of cranial nerves which are the homologucss of anterior and posterior roots of spinal cord. To master to show on preparations of brain the places of exiting of these nerves on the base of the brain of brain and from the cranial cavity. To master the areas of innervation of body by the main branches of vagus nerve, acessory and hypoglossal nerves, that has an important value in neurological practice and clinic of internal diseases.

A student shoud know:

1. Latin terminology of this theme.

2. Development X, XI and XII pairs of cranial nerves.
3. Forming principles X, XI and XII steam of cranial nerves.
4. Name of nuclei of vagus, their localization
5. Passway and topography of vagus nerve.
6. Branches which arises from a nerve.
7. Topography of recurrent laryngeal nerve, areas of its innervation
8 Topography of abdominal part of vagus nerve, areas of its innervation.
9. Passway, nuclei and areas of innervation of aсessory nerve.
10. Where does a hypoglossus exit from a brain and skull.
11. Topography and areas of innervation of hypoglossal nerve.
12. Topographical relations of X, XI and XII pairs in area of neck with other formations.

A student shoud be able:

1. To show openings, through which vagus, acessory and hypoglossal nerves exitis the skull.

2. To show on netural preparation the places of exiting of these nerves from a brain.

3. Projection of nuclei of X, XI and XII pairs of CN on the rhomboid fossa.

Questions of initial level:

1. Describe the greater petrosal nerve.
2. Describe a chorda tympany.
3. Describe the topography of vestibulocochlear nerve and name its parts.
4. Where are the vestibular and spiral ganglions located?
5. Describe the structure of vestibular part of nerve.
6. What departments of brain are vestibular nuclei related to?
7. Describe cochlear part of nerve.
8. What are the neurones of auditory tract.
9. What is lateral loop?
10. Name the nuclei of glossopharyngeal nerve.
11. Describe the topography of glossopharyngeal nerve, its branches.
12. What are the area of innervation of tympanic nerve.
13. To describe a lesser petrosal nerve.
REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	A student should know
	A student shoud be able

	Anatomy: cranyology
	1. Anatomical structure of internal and external base of skull.
	1. To find and show the jugular foramen and hypoglossal channel on a skull.

	Anatomy: myology
	1. Muscles  and topography of neck.
	1. To name and show the muscles of neck.

	Anatomy: splanchnology
	1. Functions of different parts of digestive, respiratory and urogenital systems.
	1. To show and tell the functions of different organs and parts of the digestive, respiratory and urogenital systems.

	Anatomy: cardio-vascular system
	1. Structure of heart.

2. Structure of microcirculatory bed.
	1. To determine the phases of cardiac cycle. Functions of greater and lesser circles of circulation of blood.

	Anatomy: nervous system
	1. Onto- and phylogenesis of brain.

2. Anatomical structure of brain and its parts.

3. Neural plexuses of abdominal region.
	1. To name and show on tables and plastic models parts of posterior cerebral vesicle.

2. To show and tell in details the structure of medulla oblongata.

	Histology
	1. Ontogenesis of cranial nerves.
	1. To name the basic stages of prenatal development of cranial nerves.


Practical equipment: dissected corpse, brain: whole and sagittal section, skull, tables.

Self-dependent work

Proceeding to the study of vagus, to trace its topography. It is the longest from cranial nerves.

The X pair is a vagus (n. vagus), mixed, is derivatу of branchial arcs. Has the followings nuclei:

– motor – ambigius nucleus, common with the IX pair;
– parasympathetic – dorsal vagal nucleus;
– sensory –  nucleus of solitary tract, common with VII and IX pairs.
It exits from the medulla oblongata behind an olive together with glossopharyngeal and acessory nerves, through the jugular foramen it exits the skull. In the area of neck it pass between an internal jugular vein and internal carotid artery (downwards – common carotid artery). From an area of the neck a nerve passes in a posterior mediastinum, here the right goes ahead of subclavian artery, left – ahead of arc of aorta; both nerves cross behind the root of lung and accompany a oesophegeus with which pass in an abdominal region, where the left nerve is disposed on the anterior wall of stomach, right – on posterior  its wall.
To master, that vagus nerve got two ganglions: superior and inferior. The first situate in the area of the jugular foramen, second one – more inferiorly to the previous one. Both ganglions consist of cells, which forming the sensory part of nerve.
Proceeding to the study of numerous branches of the X pair, foremost, it is necessary to memorize the nerves which arise in area of the jugular foramen:
- meningeal branch (r. meningealis) – innervates a dura mater;
- auricular branch (r. auricularis) - innervates an external acoustic meatus and concave part of auricle.
At the level of inferior ganglion a vagus gives pharyngeal branches (rr. pharyngei), which with the branches of glossopharyngeal nerve form oesophageal plexus and innervates the mucous membrane of oro- and laryngopharynx, and also muscles-constrictors of pharynx and muscle of soft palate.
On the same level a superior laryngeal nerve arise (n. laryngeus superior) which innervates a crycothyroid muscle and mucous membrane of larynx superiorly to the rima glottis.
To pay attention on superior cardiac branches, which enter into cardiac plexus, weaken and slow work of heart (depressor nerve).
Using preparations, pictures of textbook and atlas, to study the branches of pectoral part of nerve:
- recurrent laryngeal nerves (n. laryngeus reccurens): left – in area of arc of aorta, right – to the subclavian artery. Both they round these vessels from inferiorly and posteriorly and return on a neck in a groove between a trachea and oesophageous with the name of inferior laryngeal nerve (n. laryngeus inferior) which innervates a mucous membrane inferiorly thу rima  glottis and all of muscles of larynx, except for crycothyroid. To pay attention on lateral branches of recurrent nerve: tracheal, oesophageal, inferior cervical and cardiac.
To memorize, that in a thoracic cavity from a vagus nerve arise:
- pectoral cardiac branches (rr. pericardiaci) - to the heart and pericardium;

- bronchial branches (rr. bronchiales) - form pulmonary plexus around bronchi;
- tracheal branches (rr. tracheales) – to the trachea;
- oesophageal branches (rr. esophagei) - to the oesophageus.
To study on a textbook, that, getting to the abdominal region, the left vagus crutches on the anterior wall of stomach, right – on posterior, forming anterior and posterior gastric branches.
To master, that anterior gastric branches it is not enough developed, and greater part of posterior branches heads for coeliac sympathetic plexus from which on blood vessels go away to the internal organs: to the liver, spleen, pancreas, kidneys small and large intestine, (until the sigmoid colon).
To pay attention, that a vagus is the main source of parasympathetic innervation of internal organs.
The XI pair is an additional nerve (n. accessories), develops from the lateral plates of mesoblast, is derivative branchial arcs. Has two motor nuclei, located in an medulla oblongata and spinal cord.
To master the places of output of cranial and spinal nerveroots on preparation. Cranial roots go out together with IX and by the X pairs of nerves posteriorly the olives of medulla oblongata.
To pay attention on preparation, that after an output on a neck from the jugular foramen a nerve divides by an internal branch (r. internus)which enters into a vagus, and external (r. externus), which goes down downward and innervates sternocleidimastoid and trapezius muscles.
The XII pair is a hypoglossal nerve (n. hypoglossus), develops by confluence of spinal nerves, has one motor nucleus, located in an medulla oblongata. Exits the brain throughthe anterolateral groove between a pyramid and olive.
To trace the topography of nerve on preparation: going out from a skull through a hypoglossal channel, a nerve goes down downward between an internal carotid artery and internal jugular vein, internally, situate internally from a stylohyoid muscle, after turns anteriorly and enters the toung.
To remember that in area of neck a hypoglossal nerve forms the superior bound of Pirogov triangle.
To master from textbooks, that a hypoglossal nerve (its rr. linguales) innervates all muscles of toung, and also mylohyoid muscle of neck.
To pay attention, that one of branches of hypoglossal nerve (radix superior), consisting of fibres of I and the II neck nerves, under the name of superior root of cervical loop passes downward and meets with a inferior root, outgoing from a cervical plexus, and forms a cervical loop together with it (ansa cervicalis). A cervical loop is disposed on the lateral wall of internal jugular vein, due to this its fibers innervating muscles, sutuating inferiorly to he hyoid bone.
To define topographical relations of X, XI and XII pairs of cranial nerves with an internal jugular vein, internal and common carotid arteries in area of neck, their connection between itself and with the ganglions of sympathetic trunc, and also with superior spinal nerves.
Questions of final control:

1. Name the nuclei of vagus, theis localization.

2. Where does a vagus go out from a brain and skull?
3. Describe the topography of vagus nerve.
4. To transfer branches which arise from a nerve in area of the jugular foramen and on the neck.
5. Area of innervation of auricular branch.
6. Area of innervation of superior laryngeal nerve?
7. What are the pectoral branches of vagus.
8. Describe the topography of recurrent laryngeal nerve. Area of its innervation.
9. The lateral branches of recurrent laryngeal nerve.
10. Describe the topography of abdominal part of vagus nerve.
11. What organs of abdominal region innervating by a vagus?
12. What nuclei and roots does an acssory nerve has?
13. Name and show the place of exit from a brain and skull of acssory nerve.
14. What are the branches of an acessory nerve. Areas of their innervation.
15. Where does a hypoglossal nerve go out from a brain and skull?
16. Describe the topography of hypoglossal nerve in the area of skull.
17. What muscles are innervating by a hypoglossal nerve?
19. What structures forming a cervical loop, what it innervates?
20. To name topographical relations of X, XI and XII pairs in area of neck with other formations.

Program of Independent work

	
	Educational tasks
	Specification of tasks

	1. 
	To study the topography of posterior cranial fossa.
	Able to show the border of posteror cranial fossa on a skull. To turn the special attention on the jugular foramen.

	2. 
	To study fibres, outgoing from the nuclei of vagus nerve. To describe them and to know their topography on a posterior cranial fossa.
	Able to differentiate branches of vagus nerve in head, neck, thorasic part, and also to understand the principles of vagal innervation of organs of abdominal region.

	3. 1
	To study the branches of acessory nerve. To describe the nuclei and know their topography in a head and in spinal cord.
	To pay attention on dublicate innervation of sternocleidomastoid and trapezius muscles by branches of the XI pair and motor branches of brachial plexus.

	4. 
	To study the branches of hypoglossal nerve. To describe the nuclei and to know their topography on the floor of rhomboid fossa.
	To pay attention on innervation of muscles of neck, provided by the branches of cervical loop.


On all of points of independent work in notebooks for independent work to do records: to write the dictionary of anatomic terms, sketch charts, pictures and denotations to them, to fill a table on the chart of description of nerves.
The semantic module 17

Vegetative nervous system

Theme 21

The review of the vegetative nervous system, Sympathetic and parasympathetic departments and their central part

Items for discussion
The general patterns of the structures and functions of the autonomic part of the peripheral (vegetative) nervous system. 

Morphological differences of the structure of somatic nervous system and vegetative nervous system. 

Morphological differences of the structure of a reflex arc of somatic nervous system and vegetative nervous system. 

Sympathetic and parasympathetic parts of vegetative nervous system: morphological, functional differences, objects of the innervations. Suprasegmental centers of vegetative nervous system.

The sympathetic part of the vegetative nervous system, the centers in a spinal cord, the parasympathetic part of vegetative nervous system. 

The centers in the head and spinal cord.

Topicality of a theme.
The vegetative nervous system (VNS) is one of the integration systems of an organism. The control carried out by it over the vital functions (circulation, respiration, digestion etc.), equation between sympathetic and parasympathetic departments provides congenial flow of all processes in an organism. Even an insignificant misbalance in the work of vegetative nervous system results to deflections in the control of life support of an organism. Therefore the knowledge of this section is necessary for doctors of all specialties for correct understanding of an etiopathogenesis of some diseases of visceral organs and systems.

Purpose of training.
To correctly understand the differences between vegetative nervous system from the somatic (animal), to give full and proved characteristics of these differences. To acquire the structural and functional difference of the sympathetic and parasympathetic departments of VNS. On preparations and in corpse to be able to show and correctly to name in Latin terminology separate formations of parasympathetic and sympathetic parts of vegetative nervous system. To help master the skills of the preparation of elements of vegetative nervous system.

The student should know:

1. Latin terminology of the given theme.

2. Onto- and phylogenesis of the nervous system.

3. The structure and topography of the central and peripheral departments of the nervous system.

4. Segmentation of the nervous system into somatic and vegetative. Spheres of their influence.

5. Segmentation of vegetative nervous system into sympathetic and parasympathetic parts, their functional differences.

6. Segmentation of sympathetic and parasympathetic parts of VNS into the central and peripheral departments.

7. Central (suprasegmentary and segmentary centre’s) department of VNS.

8. The name and topography of the visceral organs and glands.

The student should be able:

1. To show and name the basic formations of the central and peripheral nervous system.

2. To show and name central and peripheral departments of VNS (sympathetic and parasympathetic).

3. To draw a reflex arc. 

4. On preparation of head and spinal cord to show the centre’s of the sympathetic and parasympathetic nervous systems.

5. To show and name departments and nodes of a sympathetic trunk.

6. To show and name visceral organs and glands of the human body.

Questions of initial level:

1. Definition of the nervous system classification.

2. Elements of the nervous system classification of neurons; the characteristic of nerve fibrils.

3. The structure, topography and function of the central and peripheral departments of somatic nervous system.

4. Vegetative nuclei of grey matter of a brain, the place of their localization.

5. The segmentary structure of the spinal cord.

6. The characteristic of the intermediate-lateral spinal cord nuclei.

7. Components of the spinal nerve, the characteristics of its branches.

8. The name and topography of visceral organs and glands of the human body.

REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES

	Discipline
	Students should know
	Students should be able

	Anatomy: splanchnology 
	Name and topography of inner organs and glands of organism
	To show and name inner organs and glands

	Anatomy: nervous system
	Structure and topography of the nervous system central and peripheral parts 
	To show and name basic elements of central and peripheral nervous system

	
	Internal structure of the spinal cord and spinal segment
	To show and name internal and external structures of the spinal cord and brain stem

	
	Structure of the spinal nerve, characteristic of its branches
	To draw reflex arch

	
	Characteristic of the brainstem and terminal brain grey matter 
	To show and name basic structures formed by brainstem and terminal brain gray matter

	Histology
	Differences between vegetative and somatic nerve fibers (presence of myelin and Schwann cells)
	On histology preparation to distinguish between vegetative and somatic nerve fibers. To draw the structure of nerve ganglions of 1st, 2nd or 3rd order 

	Histology: embryology
	Ontogenesis of the nervous system
	To name basic ontogenetic stages of the development of the nervous system

	Biology
	Phylogenesis of the nervous system
	To name basic phylogenetic stages of the development of the nervous system


Practical equipment: a corpse with prepared nodes of the sympathetic trunk and vagus nerves, a brain: the whole and sagittal cut, tables.

Self-dependent work

Before studying this theme, it is necessary to recollect classification of the nervous system, its segmentation into somatic and vegetative, each of which has its sphere of influence. 

Somatic one innervates the soma (skeletal muscles, joints, ligaments); muscles of the eyeball, the middle ear, the soft palate, tongue, the pharynx, the larynx, the upper departments of the esophagus, the diaphragm, muscles of the perineum. 

Vegetative – visceral organs with smooth musculature, heart and vessels. 

To pay attention, to the rate of carrying out of impulse in vegetative nervous system which is much less (0,3-10 km/s), than in somatic (12-100 km/s). To receive clear representation, that the anatomical element of the somatic and vegetative nervous system is the neuron, and the structural basis of any reaction of an organism - a reflex arc. To understand that the afferent part of somatic and vegetative nervous arches are identical, and the efferent part differs. The efferent part of the somatic reflex arc is presented by one efferent neuron located in the CNS and its axon reaches thе working organ not interrupting it and the efferent part of the vegetative reflex arc consists of two efferent neuron’s: I – lies in the central nervous system and its axon falls outside the limits of CNS (a preganglionic fiber), II neuron lies peripherally in nerve ganglion and its axon (a postganglionic fiber) reaches the working organ. 

To understand, that all somatic fibers are covered by a myelin cover. Vegetative preganglionic – are covered (white - Alba), and postganglionic – are not covered (grey – grisea).

To understand that VNS functionally divides into sympathetic, parasympathetic and metasympathetic (intraorganic).

The sympathetic nervous system carries out trophic function, innervates all organs with smooth muscular fibers and first of all vessels, has organ-stimulating effect.

The parasympathetic nervous system carries out neurosecretory function, innervates glandular tissue and has organ-keeping effect.

To pay attention to difference of these systems mediators all preganglionic fibers (sympathetic and parasympathetic) contain a mediator – acetylcholinum or the matters similar to it (cholinergic). Postganglionic parasympathetic fibers also the cholinergic Postganglionic sympathetic fibers are adrenergic. They contain adrenaline, noradrenalinum or the matters similar on action to noradrenalinum. Nervous impulse transfer to synapses of sympathetic nervous system is blocked by ergotokein, and in parasympathetic – atropine.

At studying of sympathetic and parasympathetic departments of vegetative nervous system it is necessary to acquire, that in them distinguish the central and peripheral parts which are presented by certain structures. 

To acquire from textbooks and tables, that central departments of VNS are located in the head and the spinal cord and represented by the suprasegmentary and segmentary centres. Suprasegmentary centre’s are general for sympathetic and parasympathetic systems, provide integration of all departments of vegetative nervous system and located:

1) In fields of a cortex of frontal, parietal, temporal lobes and islet, and also in basal nuclei of the terminal brain. Provide regulation of interaction in somatic and vegetative NS, mental and intellectual acts.

2) In a diencephalon, in neurosecretory nuclei of a hypothalamus. Provide neurosecretory function of glands, regulation of interaction of sympathetic and parasympathetic departments VNS, and also memory function. 

3) In grey matter of a brain trunk and a cerebellum (a nuclei of an aqueduct, a reticular formation, the functional centers of myelencephalon, nuclei of a cerebellum, etc.) Provide trophic, vasomotor, metabolic and neurosecretory functions.

To suprasegmentary centers of VNS limbic system also belongs.

The segmentary centers of sympathetic nervous system are localized in nuclei of lateral horns of  thoracolumbar spinal cord department (C8 – L2-3) which  Provide a sympathetic enervation of all visceral  organs.

The segmentary centers of parasympathetic nervous system topographically are divided on: 1) cranial (in mesencephalon - n. accessories – Yakubovich's nucleus (III pair), in the pons - n. salivatorius superior (VII pair) and in myelencephalon: n. salivatorius inferior (IX pair), n. dorsalis n. vagi (X pair)), provide an innervation of all glands of a head and organs on a vagus nerve course; and 2) spinal (nn. parasimpatici sacralis, S2-S4), localized in sacral segments of a spinal cord and providing neurosecretory function of organs of a small pelvis.

Questions of the final control:

1. Definition of vegetative nervous system.

2. Classification of vegetative nervous system.

3. The differences between the somatic and the vegetative nervous system?

4. Spheres of influence of vegetative nervous system?

5. What function is carried out by sympathetic department of VNS?

6. What function is carried out by parasympathetic department of VNS?

7. What mediators provide transfer of nervous impulses to sympathetic and parasympathetic NS?

8. What elements belong to the suprasegmentary centers of VNS?

9. What elements belong to the segmentary centers in sympathetic NS?

10. What elements belong to the segmentary centers in parasympathetic NS?

The program of independent work.

	Purpose of training.
	Concretization of tasks

	To distinguish sympathetic and parasympathetic departments of vegetative nervous system and areas of their influence
	To define effects of sympathetic and parasympathetic nervous system on the smooth muscles

	To name high (suprasegmental) vegetative centers
	To find and show the high vegetative centers in brainstem. The same – for terminal brain (basal nuclei of hemispheres)

	To name and show segmental centers of parasympathetic nervous system
	A corpse or moist preparation shows parts of the brain and spinal cord, that relate to parasympathetic centers

	To name and show segmental centers of sympathetic nervous system
	A corpse or moist preparation shows parts of the spinal cord, that relate to sympathetic centers


At all points self-instruction work in writing-books for self-instruction work to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

Theme 22

Peripheral departments of vegetative nervous system, the sympathetic trunk, Vegetative nodes, and the vegetative innervation of organs

Items for discussion
Peripheral department of vegetative nervous system: vegetative nodes, nerves, vegetative plexuses classification of vegetative nodes, their topography, prenodal and postnodal nerve fibrils. A sympathetic trunk: topography, classification of nodes, internodal branches. White and grey connecting branches: formation, topography, branches of cervical nodes of a sympathetic trunk, and their topography innervation areas. Sympathetic roots of vegetative nodes of the head. Branches of thoracic nodes of the sympathetic trunk, their topography, innervation areas. Branches of lumbar nodes of the sympathetic trunk, their topography, innervation areas. Branches of sacral nodes of the sympathetic trunks, their topography, innervation areas. The parasympathetic part of vegetative nervous system. The cranial part: vegetative nodes of the head, their topography, roots, branches, innervation areas. The pelvic part. Vegetative plexuses: cranial-cervical department, thoracic department, abdominal department, pelvic department. Cranial-cervical department of vegetative plexuses – the general carotid plexus, external and internal carotid plexuses, a subclavian plexus - their formation, innervation areas. Abdominal department of vegetative plexuses: the celiac plexus: its secondary plexuses, their topography and nodes, innervation areas. Formation sources, structure of fibers of a celiac plexus. The pelvic part of vegetative plexuses: the upper hypogastric plexus, the inferior hypogastric plexus: its secondary plexuses, their topography, innervation areas. Formation sources, structure of fibers of the inferior hypogastric plexus. 

On practical occupation the student should pass computer test: to answer on 30 tests and situational tasks on vegetative nervous system.

Topicality of a theme. 

It is necessary to know, that the vegetative nervous system coordinates activity of all organs of the organism providing its vital activity. Visceral pathological processes can be a consequence of various disturbance of a vegetative innervation. Therefore the knowledge of features of a sympathetic and parasympathetic innervation of the visceral organs is necessary not only within the limits of a subject, but also for learning of the following subjects on normal physiology, therapy, neurology and other disciplines, and in the future – to doctors for understanding of the etiology of many diseases and selection of necessary pharmacological agents for successful treatment.

Purpose of training.
Students should understand and acquire structure and the mechanism of a vegetative innervation of separate organs and systems. To become proficient in procedure of preparation of vegetative trunks, nodes and plexuses.

The student should know:

1. Latin terminology of the given theme.

2. The general principle of a double innervation of organs (sympathetic and parasympathetic).

3. Structures of peripheral department in sympathetic and parasympathetic NS.

4. Topography and the structure of a sympathetic trunk.

5. Vegetative plexuses of thoracic and abdominal cavities, Splanchnic and organ nerves.

6. The general principle of the innervation of a thoracic cavity.

7. The innervation of the heart.

8. The general principle of the innervation of organs of an abdominal cavity.

9. The general principle of an innervation of organs and walls of the small pelvis.

10. Innervation of the blood vessels.

11. The general principle of trophic innervation of the body.

The student should be able:

1. To show on a corpse and to name nodes of the sympathetic trunk.

2. To characterise parasympathetic nuclei of the trunk of the brain.

3. To characterise and show parasympathetic nodes of the cranial nerves, their role in innervation of some organs and tissues.

4. To show and give the characteristic of vegetative nervous elements of the thoracic cavity.

5. To show and give the characteristic of great and small splanchnic nerves; to celiac, upper and inferior mesenteric plexuses.

Questions of initial level:

1. What elements form the vegetative nervous system?

2. What function is carried out by the sympathetic department of VNS?

3. What function is carried out by the parasympathetic department of VNS?

4. What is the central part of the VNS represented by?

5. Where are the suprasegmentary and segmentary centers of departments of VNS located?

6. By what are the segmentary centers of sympathetic nervous system represented?

7. By what are the segmentary centers of parasympathetic nervous system represented?

REVIEW OF BASIC KNOWLEDGE FROM PREVIOUSLY STUDIED THEMES AND DISCIPLINES
	Discipline
	Student should know
	Student should be able

	Anatomy: splanchnology
	Organs of digestive, respiratory, urinary systems, their topography and functions
	To tell about functions of different departments of these systems 

	Anatomy: cardiovascular system
	Structure of the heart, arteries and veins. Structure of the microcirculatory bed.
	To name phases of the heart cycle. Functions of the systemic and respiratory blood circulations. 

	Anatomy: nervous system
	Characteristics of the brainstem and terminal brain gray matter
	To distinguish vegetative nuclei and name their functions

	
	Anatomic structure of the spinal cord 
	To characterize spinal cord grey matter. To name parts of the spinal nerve, characteristics of its branches

	Histology: embryology
	Ontogenesis of the nervous system
	To name basic ontogenetic stages of the vegetative nervous system development


Practical equipment: a corpse with prepared nodes of the sympathetic trunk and vagus nerves, a brain: the whole and sagittal cut, tables.

Self-dependent work

Before studying this theme it is necessary to recollect, that peripheral formations of somatic nervous system are: nerve fibrils and the nerves, sensitive nodes; somatic plexuses (cervical, brachial, lumbosacral). Similarly peripheral formations of a vegetative part of the nervous system (sympathetic and parasympathetic), are represented by the nervous fibers and nerves (white and grey connecting fibers, internodal fibers, organic nerves); vegetative nodes of I, II and III order); vegetative plexuses (primary – vascular and secondary – organic).

To acquire from textbooks and tables, that peripheral department of sympathetic nervous system concern:

1. The paravertebral nodes of I order united in a sympathetic trunk; paravertebral and intermediate (vascular) nodes of II order;

2. Sympathetic preganglionic, internodal and postganglionic fibers (as a part of spinal nerves, vegetative plexuses);

3. Primary (paravascular) plexuses containing in the structure nodes of II order. 

The peripheral part of parasympathetic nervous system includes:

1. Terminal (extraorganic and intraorganic) nodes of III order;

2. Parasympathetic fibers (as a part of cranial and spinal nerves, sacral organic nerves). 

3. Preganglionic parasympathetic fibers are formed by axons of the cells located in parasympathetic nuclei; postganglionic – axons of the cells located in nodes. And, preganglionic fibers are longer, than postganglionic (unlike sympathetic);

4. Secondary (organic) plexuses: intramural and extramural, located near organs.

From textbooks and tables to study the structure and topography of the sympathetic trunk.

The sympathetic trunk (truncus sympaticus) – located along the vertebral column and is formed by paravertebral nodes (3 cervical, 10 – 12 thoracic, 4 – 5 lumbar, 5 sacral and 1 (unpaired) coccygeal), bridged among themselves by internodal branches. To understand, that the sympathetic innervation of the visceral organs is carried out by a principle of focal multiplication.

To understand, that to all thoracic nodes of the sympathetic trunk, preganglionic fibers go in the form of white connecting branches. To cervical, inferior lumbar, sacral and to coccygeal nodes preganglionic fibers go by internodal branches. From all nodes of a sympathetic trunk starts two kinds of fibers: 

1. rаmi communicantes grisei - there is as a part of forward and back branches of spinal nerves and innervates sudoriferous and sebaceous glands of a skin, a muscle lifting hair and soma vessels (trophic function);

2. rami visceralis - they go to the visceral organs and innervate them. 

From each node there are visceral branches:

From the upper cervical node:

1. n. caroticus externus, forming plexuses on all branches of the external carotid artery;

2. n. caroticus internus forms a plexus on the internal carotid artery and on its branches reaches glands mucous of nose, oral cavity, lacrimal gland;

3. plexus v. jugularis interna - follows on branches of the internal jugular vein; 

4. plexus laryngopharingeus - innervates glands mucous larynx and trachea;

5. n. cardiaci cervicalis superior - innervates heart (increase the frequency of palpitation).

From medial cervical node:

1. to the thyroid gland;

2. n. cardiacus cervicalis media – to the heart.

From the inferior cervical node:

1. plexus a. subclavia – goes on all branches of the subclavian artery;

2. n. cardiacus cervicalis inferior – goes to cardiac plexuses and innervates heart.

From 5-6 top thoracic nodes visceral fibers go on branches of the thoracic aorta to the trachea, bronchi, lungs, to the esophagus, heart (nn. cardiaci thoracici).

To pay special attention, that from 5-6 inferior thoracic nodes (unlike above-named) there are preganglionic fibers which are not switched in paravertebral nodes. These are the large and small splanchnic nerves (n. splanchnicus mayor et minor). They go to the celiac plexus, are switched on prevertebral nodes and then on abdominal aorta branches (as postganglionic fibers) follow to organs of the abdominal cavity (to the descending colon).

Visceral branches from lumbar nodes go:

1. to the celiac plexus and from it to organs of the abdominal cavity;

2. In the inferior mesenteric node, they are switched and referred to the cavity of the small pelvis, innervate organs of the small pelvis.

From sacral nodes visceral branches start as a kind of nn. splanchnici sacrales, which innervate organs of the small pelvis.

From textbooks and tables to study the structure and topography of the vegetative plexuses of the abdominal plexus, to find them on a corpse.

The biggest plexus of the abdominal cavity - plexus aortico-abdominalis. In it distinguish the celiac plexus (plexus coeliacus) which is located around abdominal aorta at the place of origin truncus coeliacus. It is formed by ganglion semilunaris, ganglion aorto-renalis, ganglion mesentericum superior, nn. splanchnici major et minor, posterior vagal trunk, n. phrenicus dexter, nn. splanchnici lumbalis. The plexus is limited above by a diaphragm, below a. renalis, laterally - adrenals. Celiac plexus innervates vessels, diaphragm, the liver, the stomach, the small intestine, large intestine to descending colon, pancreas, the lien, kidneys, adrenals, testicles (ovaries).

Below the celiac plexus abdominal-aortic plexus is called intermesenteric. From its origin plexus mesentericus inferior goes on branches of the inferior mesenteric artery and innervates: the descending colon, sigmoid and the upper part of the rectum. At the place of arteries origin is located gangl. mesentericum inferior. 

Below the aorta bifurcation abdominal-aortic plexus passes in plexus hypogastricus superior. To it approach nn. hypogastrici from gangl. mesentericum inferior. Plexus hypogastricus superior proceeds downwards, being parted into two plexus hypogastricus inferior. They go laterally from the rectum. To them approach nn. splanchnici sacralis. Plexus hypogastricus inferior innervates organs of the small pelvis.

Using textbooks, lecture materials, tables to make the general representation of the innervation of organs of the thoracic and abdominal cavities, organs of the small pelvis to consider, that there are examples of a selective innervation – only the sympathetic innervation is received by sudoriferous glands, lien, and adrenals. Some organs (bladder) receive double (sympathetic and parasympathetic) innervation, but prevailing value for its functioning has parasympathetic department. 

The general principle of a vegetative innervation of organs.

The basic part of organs receives a sympathetic, parasympathetic and sensitive innervation.

1. The centre of the sympathetic innervation is nucleus intermediolаteralis. Preganglionic fibers leave a spinal cord as a part of ventral roots, are separated from them as a kind of rr. conununicantes albi and approach to nodes (I order) sympathetic trunk of the same level. There some fibers are switched, also axons of cells of these nodes, form postganglionic fibers which reach innervated organ. In a case if relaying of preganglionic fibers does not descend in nodes of a sympathetic trunk, they reach nodes of II order (prevertebral) where there is a relaying, and then postganglionic fibers are referred to the organ.

2. The centre of the parasympathetic innervation is vegetative nuclei of cranial nerves or nucleus parasympaticus sacralis. The preganglionic fibers formed by axons of cells of these nuclei as a part of branches of cranial nerves, or sacral spinal nerves (nn. splanchnici pelvini) approach to the organs and are switched in intramural nodes. Axons of cells of these nodes forming postganglionic fibers, that innervate the organ.

The general principle of the innervation of organs of the thoracal cavity.

All organs of the thoracal cavity receive a parasympathetic, sympathetic and sensitive innervation.

1. The centre of the parasympathetic innervation is nucleus dorsalis n. vagi. The preganglionic fibers formed by axons of cells of this nucleus as a part of branches of the vagus nerve approach organs and are switched in intramural nodes. Axons of cells of these nodes forming postganglionic fibers innervate the organ.

2. The centre of a sympathetic innervation is nucleus intermediolаteralis 5-6 top thoracic segments. Preganglionic fibers leaves the spinal cord as a part of ventral roots, are separated from them as a kind of rr. conununicantes albi and approach to thoracic nodes of the sympathetic trunk of the same level, There axons of multipolar cells of these nodes are switched also, form plexuses on the thoracic aorta, and then on its branches reach the innervated organ.

3. A source of the sensitive innervation is:

1) the inferior node of the vagus nerve. Peripheral processes of sensitive pseudo-unipolar cells of this node approach to the organ, and central one - as a part of a sensitive root of n. vagi end on its sensitive node - nucleus solitarii. 

2) spinal nodes of 5-6 top thoracic nerves. Peripheral processes of sensitive pseudo-unipolar cells of these nodes approach to the organ, and central one - as a part of a back root come in posterior horns and end on their sensitive nuclei.

Heart innervation

Heart receives the parasympathetic, sympathetic and sensitive innervation. 

1. The centre of the parasympathetic innervation is nucleus dorsalis n. vagi. Preganglionic fibers, as a part of vagus nerve branches approach to intramural heart nodes, axons of cells of these nodes as  postganglionic fibers there are switched to heart and innervate it.

2. The centres of the sympathetic innervation are nn. intermediolateralis 5-6 top thoracic segments. Preganglionic fibers leave the spinal cord as a part of ventral roots, are separated from them as a kind of rr. communicantes albi and approach to the thoracic nodes of the sympathetic trunk of the same level, the part of fibers there is switched and as a kind of nn. cаrdiaci thoracici it is referred to the cardiac plexus. The part of fibers there is switched and as a kind of nn. cardiaci cervicales superior, media, inferior it is referred to the cardiac plexus. The part of fibers in thoracic nodes is not switched, and on rr. interganglionares it is referred to cervical nodes, it is switched in them and as a kind of nn. cardiaci cervicales superior, media, inferior are referred to the cardiac plexus.

3. The sensitive innervation has two sources:

1) The inferior node of the vagus nerve. Peripheral processes of pseudo-unipolar cells of this node go to the heart muscle, and central one - to the sensitive nucleus of X pair (nn. solitarii). 

2) the second source of a sensitive innervation are 5-6 top nodes of spinal nerves. Peripheral processes of the sensitive pseudo-unipolar cells of these nodes go to the coronal vessels of the heart, and central one - as a part of the posterior root to the sensitive nuclei of the posterior horns.

Due to generality of the innervation of the coronary artery’s and the upper extremity, spastic constriction of the coronary artery’s pain (sternocardia) irradiate to the upper left extremity, the scapula and the left area of the neck.

The general principle of the innervation of the organs of the abdominal cavity.

Organs of the abdominal cavity receive parasympathetic, sympathetic and sensitive innervation. 

1. The centre of the parasympathetic innervation is nucleus dorsalis n. vagi, preganglionic fibers in structure n. vagus approach to innervated intramural nodes, short postganglionic fibers of cells of these nodes innervate the organs.

2. The centre of the sympathetic innervation is nucleus intermediolateralis 5-6 inferior thoracic segments. Preganglionic fibers leave the spinal cord as a part of ventral roots, are separated as a kind of rr. Communicantes albi and approach to the inferior 5-6 thoracic nodes of the sympathetic trunk; there are not switched and as a kind of nn. splanchnici major et minor follow the prevertebral nodes of the celiac plexus, there are switch and as a part of the periarterial plexuses of the corresponding vessels go to the organ. 

3. Sensitive innervation has two sources:

1) The inferior node of the vagus nerve. Peripheral processes of sensitive pseudo-unipolar cells of this node follow to the organ, and central - go to the sensitive nucleus n. vagi.

2) The second source: sensitive nodes of 5-6 inferior thoracic spinal nerves. Peripheral processes of cells of these nodes go to the organ, and central - to sensitive nuclei of the posterior horns.

The general principle of the innervation of organs of the small pelvis.

Organs of a small pelvis receive the parasympathetic, sympathetic and sensitive innervation.

1. The centre of the parasympathetic innervation is nn. pагаsimpatici sacrales S2-S4. Preganglionic fibers leave the spinal cord as a part of ventral roots of the sacral nerves, are separated from them as a kind of nn. splanchnici pelvini, pass through somatic sacral plexus to the intramural nodes of the organs where short postganglionic fibers innervated organ are switched.

2. The centre of the sympathetic innervation is n. intermediolateralis. Preganglionic fibers leave the spinal cord as a part of ventral roots, are separated from them as a kind of rr. communicantеs albi, approach the lumbar nodes of the sympathetic trunk of the same level, there are not switched and as a kind nn. splanchnici lumbalis approach the inferior mesenteric node, are switched and as a kind of n. hypogastricus approach the plexus hypogastricus superior, and then, plexus hypogastricus inferior and on branches a. iliaca interna reach the innervated organ.

3. The sensitive innervation. Source - inferior lumbar and sacral spinal nodes of the spinal nerves. Peripheral processes of cells of the nodes go to the organ, and central - to sensitive nuclei of the posterior horns.

Investigating particular questions of the vegetative innervation of organs to pay attention to features of influence of sympathetic and parasympathetic systems on function of the organs; from what nuclei and in what structure of nerves there are efferent sympathetic and parasympathetic fibers go; where there is the switching preganglionic on postganglionic neurons.

Influence of the sympathetic and parasympathetic systems on function of the organs

	Organ
	Sympathetic
	Parasympathetic

	Pupil
	Widens
	Narrows

	Gland (except sweat gland)
	Reduce secretion
	Increase secretion

	Sweat gland
	Increase secretion
	Not innervate

	Heart
	Increase heart rate and contraction strength  
	Decrease heart rate and contraction strength  

	Smooth muscles of the inner organs 
	Relax 
	Contract

	Vessels (except coronary)
	Narrows
	Not innervate

	Coronary vessels
	Widens
	Narrows

	Sphincters
	Increase muscle tone
	Decrease muscle tone


To pay attention to features of the trophic innervation of the body (ligament, muscle etc.): the trophic innervation is provided by sympathetic nervous system, therefore the innervation centre is nucleus intermediolаteralis. Preganglionic fibers leave the spinal cord as a part of the ventral roots, are separated from them as a kind of rr. conununicantes albi and approach nodes (I order) of sympathetic trunk of the same level. There fibers are switched and axons of cells of these nodes, form postganglionic fibers which reach innervated parts of a body by TWO ways. The first way is similar to the innervation of organs – by walls of the blood vessels; the second way is provided by rami communicantes grisei which reach somatic plexuses and as a part of the somatic nerves reach body walls and extremities.

Questions for final control.
1. What are the peripheral formations of VNS?

2. The characteristic of the pre - and postganglionic nerve fibrils, difference in their structure.

3. By what elements the peripheral part of the sympathetic nervous system is represented?

4.  By what elements the peripheral part of the parasympathetic nervous system is represented?

5. Topography and the structure of the sympathetic trunk.

6. The characteristic of the vegetative plexuses of the abdominal cavity?

7. To name splanchnic and organic nerves.

8. How to explain comprehension “a double vegetative innervation of the organ”?

9. On the example of heart, bronchi, pupil, explain influence of sympathetic and parasympathetic departments of VNS.

10. What organs receive selective vegetative innervation?

11. Vegetative innervation of the eye.

12. Vegetative innervation of the lacrimal gland and sialadens.

13. Vegetative innervation of the heart.

14. Vegetative innervation of the lungs and bronchi.

15. Vegetative innervation of the gastrointestinal tract, pancreas, liver.

16. Vegetative innervation of the sigmoid, rectum and the urinary bladder.

17. Vegetative innervation of the blood vessels.

The program of independent work.

	Purpose of training.
	Concretization of tasks

	General principle of the double innervation (sympathetic and parasympathetic)
	To pay attention to organs that receive innervation selectively. Sympathetic: sweat glands, spleen, suprarenal glands. Parasympathetic innervation prevail in urinary bladder

	Features of lacrimal, salivary glands, heart, lungs and bronchi innervation 
	To connect lacrimal gland innervation with pterygopalatine ganglion of the trigeminal nerve (accessory nucleus), innervation of the salivary glands – with nuclei of the VII and IX pairs of the cranial nerves. During study of the heart innervation pay attention to the parasympathetic fibers from the dorsal nucleus of the vagus nerve.

	Features of the gastrointestinal tract innervation
	To pay special attention to the sigmoid colon and rectum innervation. To understand features of the urinary bladder innervation.

	Features of the blood vessels innervation
	To pay attention to tables and moist preparations on vasomotor centers of the myelencephalon, basal pallid spheres, thalamus, grey tuber 


At all points self-instruction work in writing-books for self-instruction work to make records: to write the dictionary of anatomical terms, to draw schemes, drawings and notations to them.

Theme 23

Fastening of the practical skills and material generalization on peripheral department of the nervous system

Items for discussion
To present and report results of preparation and study of the basic structures of the peripheral department of the nervous system. The list of the control questions on the passed material.

Topicality of a theme. 

In connection with rapid development of the scientific and technical progress one of more priority moments, falling on peripheral departments of the nervous system. There is a failure of the integrating and correlating mechanisms providing synchronic work of these systems, that in turn leads to development of pathological disturbances and diseases in this sphere.

Purpose of training. 

To show level of knowledge and abilities, acquired during time of studying of parts: spinal, cranial nerves and vegetative nervous system.

To demonstrate ability to show on the corpse and natural preparations peripheral neuroplexuses and the nerves originating these plexuses. To know localizations, principles of formation and the exit places of the cranial nerves with their subsequent way and innervation areas. The student should become proficient in good knowledge of vegetative nervous system and be able to tell in the practical plan about innervation of each organ with demonstration of plexuses, nodes and nerves.

The student should answer 30 tests and situational tasks on each theme, chosen from 180-200 tests on each theme and to pass oral interlocution on mastering of practical skills on a theme with demonstration on natural preparation.

Samples of test tasks (tests, situational tasks) can be found in methodical editions of department «Cranial nerves and organs of sense», «Peripheral department of the nervous system, vegetative nervous system, organs of sense and endocrine glands», and also their electron variants can be received in the computer centre, library of department or to get to know on department WEB-page of the internal university WEB-site.

The student should know:

1. To become proficient in Latin and Greek terminology on the given theme.

2. Comprehension of peripheral nervous system and its departments.

          The principle of formation of neuroplexuses, their topography and innervation areas.

3. The principle of formation of cranial nerves, topography of nuclei, formation principles, way on peripheries and innervation areas.

4. To give the characteristic of the central and peripheral departments of vegetative nervous system

5. Phylo - and ontogenesis of the peripheral nervous system.

6. Anomalies and variants of the development of the peripheral nervous system.

7. Age features of the peripheral nervous system.

8. Clinical methods of the investigation of the peripheral nervous system.

The student should be able:

1. To master the procedure of preparation of the given departments on corpses and natural preparations.

2. To find and show on preparations and a corpse peripheral neuroplexuses and nerves, that originate from them.

3. To find and show cranial nerves and areas of their innervation.

4. To find and show the central and peripheral structures of the vegetative nervous system.

To answer orally on the questions with demonstration on natural preparations, plaster cards, tables:

The semantic module 16

Peripheral nerves

1. Morpho-functional characteristic of the spinal nerves. Formation principle, innervation area. 

2. The characteristic of the anterior branches of the spinal nerves. Innervation area.

3. The characteristic of the posterior branches of the spinal nerves. Innervation area.

4. Comprehension about spinal nerve, root, node, branches. 

5. Features of the posterior branches of the cervical, lumbar, sacral spinal nerves. 

6. Morpho-functional characteristic of the cervical plexus: formation sources, localisation, structure of branches.

7. Classification of branches of the cervical plexus: their topography, innervation areas.

8. Name dermal (skin) branches of the cervical plexus and define innervation areas.

9. The phrenic nerve. Define its way and innervation areas. Concept "phrenic-symptom".

10. Name muscular branches of the cervical plexus and define innervation areas.

11. Morpho-functional characteristic of the brachial plexus: formation sources, topography of the supra- and subclavian part.

12. Classification of the branches of the brachial plexus: their topography, innervation regions.

13. Short branches of the brachial plexus: formation, topography, innervation regions

14. The axillary nerve, features of the way and innervation regions.

15. Long branches of the brachial plexus: formation, innervation regions.

16. The branches originating from lateral fascicle of the brachial plexus, their topography and innervation regions.

17. The branches originating from medial fascicle of the brachial plexus, innervation regions.

18. The median nerve: its topography and innervation regions.

19. The ulnar nerve: its topography and innervation regions.

20. The posterior fascicle of the brachial plexus. The way and innervation regions of the radial nerve.

21. The innervation of the skin of the shoulder.

22. The innervation of the skin of the forearm.

23. The innervation of the skin of the hand.

24. The innervation of muscles of the shoulder girdle.

25. The innervation of muscles of the brachium.

26. The innervation of muscles of the forearm.

27. The innervation of muscles of the brush.

28. Morpho-functional characteristic of the lumbar plexus: formation sources, classification of branches, localisation. 

29. The way and innervation areas of the iliohypogastrical and ilioinguinal nerves.

30. The way and innervation areas of pudendofemoral nerve and lateral cutaneous nerve of the femur. 

31. The way and innervation areas of the femoral nerve.

32. The way and innervation areas of the obturator nerve.

33. Sources of formation of the sacrococcygeal plexus, its formation, localization, classification of branches.

34. The way and innervation regions of the short branches of the sacral plexus.

35. The nerves passing through subpear-shaped foramen, their region of the innervation.

36. Topography and innervation region on the sciatic nerve on the hip.

37. Topography of the neurovascular fascicle in the popliteal space.

38. Sciatic nerve branches in the popliteal space, innervation regions on the shin and foot.

39. The innervation of the muscles of the pelvis.

40. The innervation of the muscles of the hip. 

41. The innervation of the skin of the hip.

42. The innervation of the muscles of the shin.

43. Features of the innervation of the skin of the shin.

44. The innervation of the muscles of the foot.

45. The innervation of the skin of the foot.

46. The innervation of the skin of the trunk.

47. The innervation of the muscles of the back.

48. The innervation of the muscles of the thorax, diaphragm.

49. The innervation of the muscles of the abdomen.

50. The innervation of the muscles of the perineum.

51. The innervation of the external generative organs.

52. Classification of the cranial nerves by function.

53. Classification of the cranial nerves by development.

54. The principle of formation of the afferent (sensitive) nerves.

55. The principle of formation of the efferent (motor) nerves.

56. The principle of formation of the efferent parasympathetic nerves.

57. Name and show places of exit of the cranial nerves on the base of skull.

58. Name and show places of exit of the cranial nerves on the basis of brain.

59. I pair of cranial nerves. The characteristic using the description scheme.

60. The morphological characteristic of the olfactory path.

61. II pair of cranial nerves. The characteristic using the description scheme.

62. The morphological characteristic of the optical path.

63. III pair of cranial nerves. The characteristic using the description scheme.

64. Describe the path of the pupillary reflex.

65. IV pair of cranial nerves. The characteristic using the description scheme.

66. VI pair of cranial nerves. The characteristic using the description scheme.

67. V pair of cranial nerves. The characteristic using the description scheme.

68. Branches and innervation regions of the I branch of the trigeminal nerve.

69. Branches and innervation regions of the II branch of the trigeminal nerve.

70. Branches and innervation regions of the III branch of the trigeminal nerve.

71. The dermal innervation of V pair cranial nerves.

72. The motor innervation of V pair cranial nerves.

73. VII pair of cranial nerves. The characteristic using the description scheme.

74. The way and topography of the facial nerve, its branches.

75. What branches of the facial nerve form «large ancerine pad»?

76. The large petrous nerve.

77. Chorda tympani.

78. The sensitive innervation region of the facial nerve.

79. The motor innervation region of the facial nerve.

80. The parasympathetic innervation region of the facial nerve.

81. VIII pair cranial nerves. The characteristic using the description scheme.

82. The acoustical path.

83. The balance path.

84. What is the lateral loop, its structure?

85. IX pair cranial nerves. The characteristic using the description scheme.

86. Topography of the glossopharyngeal nerve, its branches.

87. Tympanic nerve.

88. The small petrous nerve. Yakobsons anastomosis.

89. Х pair cranial nerves. The characteristic using the description scheme.

90. Vagus nerve departments, topography.

91. Branches which originate from the vagus nerve in the field of the jugular foramen and in the neck.

92. Thoracal branches of the vagus nerve.

93. Topography and branches of the abdominal part of the vagus nerve.

94. The tongue innervation.

95. The innervation of muscles of the mouth diaphragm.

96. The larynx innervation.

97. The innervation of the heart with the pericardium.

98. XI pair cranial nerves. The characteristic using the description scheme.

99. XII pair cranial nerves. The characteristic using the description scheme.

            By what is the cervical loop formed? What does it innervate? 

     100. Topographical relations of the vagus, additional and sublingual nerves on the neck with other anatomical formations              

The semantic module 17

Vegetative nervous system

1. Definition of the vegetative nervous system, its function.

2. Classification of the vegetative nervous system, its departments.

3. Differences between the vegetative and somatic nervous system.

4. The scheme of the vegetative reflex arc. Explain its differences from the somatic.

5. The central departments of the vegetative nervous system parts.

6. Peripheral departments of the vegetative nervous system parts.

7. Differences between the sympathetic and parasympathetic nervous system.

8. The sympathetic trunk: topography, the characteristic of branches of cervical department.

9. The sympathetic trunk: topography, the characteristic of branches of thoracic department.

10. The sympathetic trunk: topography, the characteristic of branches of lumbar department.

11. The sympathetic trunk: topography, the characteristic of branches of sacrococcygeal department.

12. Principles of formation of the large and small splanchnic nerves, innervation regions.

13. Vegetative plexuses of the abdominal cavity (formation, topography, innervation region).

14. The general principles of the sympathetic innervation of organs (the nervous impulse course, pre - and postganglionic fiber).

15. The general principles of the sympathetic innervation of organs of the head and neck.

16. The general principles of the sympathetic innervation of organs of the thoracic cavity.

17. The general principles of the sympathetic innervation of organs of the abdominal cavity.

18. The general principles of the sympathetic innervation of organs of the pelvis.

19. The general principles of the parasympathetic innervation of organs (the nervous impulse course pre - and postganglionic fibers).

20. The general principles of the trophic innervation of skeletal muscles (the nervous impulse course pre - and postganglionic fibers).

21. The characteristic of the ciliary node.

22. The characteristic of the pterygopalatine node.

23. The characteristic of the ear node.

24. The characteristic of the submandiblar and sublingual nodes.

25. The general principles of a parasympathetic innervation of organs of the thoracic cavity.

26. The general principles of a parasympathetic innervation of organs of the abdominal cavity.

27. The general principles of a parasympathetic innervation of organs of the pelvis.

28. The characteristic of the central and peripheral departments of the sympathetic nervous system.

29. The characteristic of the central and peripheral departments of the parasympathetic nervous system.

30. Functional implications of the sympathetic and parasympathetic innervation of organs (examples).

31. The vegetative and somatic innervation of sublingual and submandibular salivary glands.

32. The vegetative and somatic innervation of the lacrimal gland.

33. The vegetative and somatic innervation of the tongue.

34. The vegetative and somatic innervation of the oral cavity.

35. Vegetative and somatic innervation of the parotis salivary gland.

36. The vegetative and somatic innervation of the eye.

37. The vegetative and somatic innervation of the heart.

38. Vegetative and somatic innervations of the stomach.

39. The vegetative and somatic innervation of the esophagus.

40. The vegetative and somatic innervation of the duodenum.

41. The vegetative and somatic innervation of the thymic gland

42. The vegetative and somatic innervation of the liver.

43. The vegetative and somatic innervation of the colon.

44. The vegetative and somatic innervation of the small pelvis.

45. The vegetative and somatic innervation of the kidneys.

46. The vegetative and somatic innervation of the urinary bladder.

47. The vegetative and somatic innervation of the ureter.

48. The vegetative and somatic innervation of the generative organs.

49. The vegetative and somatic innervation of the sigmoid colon and rectum.

50. The trophic innervation of the muscles of the trunk.

51. The trophic innervation of the muscles of the upper extremity.

52. The trophic innervation of the muscles of the inferior extremity.

53. The trophic innervation of the muscles of the thoracic walls.

54. The trophic innervation of the muscles anterior-lateral abdominal wall.

55. The vegetative and somatic innervation of the lungs.

56. The vegetative and somatic innervation of the larynx.

57. The vegetative and somatic innervation of the trachea.

58. The vegetative and somatic innervation of the adrenals.

59. The vegetative and somatic innervation of the thyroid gland.

60. The vegetative and somatic innervation of the testicle.

61. The vegetative and somatic innervation of the ovaries.

62. The vegetative and somatic innervation of the uterus and uterine tubes.

63. The vegetative and somatic innervation of the prostate.

64. Phylo- and ontogenesis of the peripheral part of the somatic nervous system.

65. Phylo- and ontogenesis of the cranial nerves.

66. Phylo- and ontogenesis of the vegetative nervous system.

67. Age features of the peripheral part of the somatic nervous system.

68. Age features of the vegetative nervous system.

69. Describe variants of the structure of the peripheral nerves.

70. Describe variants of the structure of the anomaly and developmental anomalies of the vegetative nervous system.

71. List clinical methods of the investigation of the peripheral nervous system.
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Anatomo-topographical principles of blood supply, venous, lymphatic outflow and human body innervation

Topicality of a theme. 

The success of treatment of any disease provides not only the range of  the theoretical medical knowledge, but also tendency of the doctor to possess so-called «clinical thinking», i.e. ability to analyze, compare and generalize different clinical data for making correct diagnosis. For the purpose of students education to principles of differential diagnostics we carry out in the separate theme integration questions about blood supply, venous, lymphatic outflow and innervation of such regions as the head and neck, walls and organs of thoracic and abdominal cavities, the upper and lower extremities.

Purpose of training.
On the basis of the material of the practical and out-of-class occupation, using the lecture course to fix theoretical and practical skills on the given section. To learn to see the general features of the topographical locating, the pathway and regions of blood supply and innervation depending on carried out function. 

Theme 24

Fastening of practical skills and generalization of the material on blood supply, venous, lymphatic outflow and innervation of tissues and organs of head and neck. 

The student should know:

1. The structure of organs of the head and neck.

2. Blood supply and innervation of tissues and organs of the head and neck.

3. Clinical methods of investigation.

4. Age features, variants and anomalies of development of organs of the head and neck.

The student should be able:

1. To master methods of preparation of vessels and nerves.

2. To find and show on preparations, vessels and nerves of the head and neck.

To answer orally on questions with demonstration on natural preparations, moulages, tables:

1. Blood supply, venous, lymphatic outflow and innervation of the walls of the oral cavity.

2. Blood supply, venous, lymphatic outflow and tongue innervation.

3. Blood supply, venous, lymphatic outflow and palate innervation.

4. Blood supply, venous, lymphatic outflow and innervation of sublingual and submandibular salivary glands.

5. Blood supply, venous, lymphatic outflow and innervation of the parotid salivary gland.

6. Blood supply, venous, lymphatic outflow and innervation of dens.

7. Blood supply, venous, lymphatic outflow and pharynx innervation.

8. Blood supply, venous, lymphatic outflow and larynx innervation.

9. Blood supply, venous, lymphatic outflow and innervation thyroid and parathyroid glands.

10. Blood supply, venous, lymphatic outflow and innervation of the mucosa of the nasal cavity.

11. Blood supply, venous, lymphatic outflow and innervation of masseters muscles and face scin.

12. Blood supply, venous, lymphatic outflow and innervation of mimic muscles and face skin.

13. Blood supply, venous, lymphatic outflow and innervation of muscles and skin of the neck.

14. Blood supply, venous, lymphatic outflow and innervation of temporo-mandibular joint.

15. Blood supply, venous, lymphatic outflow and innervation of the dura mater of the brain.

16. Blood supply, venous, lymphatic outflow and eyeball innervation.

17. Blood supply, venous, lymphatic outflow and innervation of eyeball muscles.

18. Blood supply, venous, lymphatic outflow and lacrimal gland innervation. 

19. Blood supply, venous, lymphatic outflow and innervation of the external ear.

20. Blood supply, venous, lymphatic outflow and innervation of the middle and internal ear.

Theme 25
Fastening of practical skills and generalization of the material on blood supply, venous, lymphatic outflow and an innervation of tissues of the thorax walls, organs of the thoracal cavity, the upper extremities

The student should know:

1. The structure of the upper extremities.

2. The structure of the thorax and organs of the thoracic cavity.

3. Blood supply, venous, lymphatic outflow and innervation of the tissues of the thoracic walls, organs of the thoracic cavity, the upper extremities.

4. Clinical methods of investigation.

5. Age features, anomalies and developmental anomalies of the upper extremity, the thorax and organs of the thoracic cavity.

The student should be able:

1. To master methods of preparation of vessels and nerves.

2. To find and show on preparations vessels and nerves of tissues and organs of the thoracic walls, the upper extremities.

To answer orally on questions with demonstration on natural preparations, moulages, tables:

1. Blood supply, venous, lymphatic outflow and innervation of the trachea and bronchi.

2. Blood supply, venous, lymphatic outflow and innervation of the lungs and pleura.

3. Blood supply, venous, lymphatic outflow and heart innervation.

4. Blood supply, venous, lymphatic outflow and pericardium innervation.

5. Blood supply, venous, lymphatic outflow and innervation walls of the thorax.

6. Blood supply, venous, lymphatic outflow and diaphragm innervation.

7. Blood supply, venous, lymphatic outflow and shoulder joint innervation.

8. Blood supply, venous, lymphatic outflow and innervation of the ulnar joint.

9. Blood supply, venous, lymphatic outflow and innervation of the radiocarpal joint.

10. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the shoulder girdle. 

11. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the shoulder.

12. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the forearm.

13. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the hand.

14. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the back.

15. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the thorax.

Theme 26

Fastening of practical skills and generalization of the material on blood supply, venous, lymphatic outflow and an innervation of the abdominal walls and organs of the abdominal cavityю

The student should know:

1. The structure of the abdominal walls and anatomy of organs of the abdominal cavity.

2. Blood supply, venous, lymphatic outflow and innervation of the abdominal walls and organs of the abdominal cavity.

3. Clinical methods of investigation.

4. Age features of organs of the abdominal cavity.

5. Anomalies and developmental anomalies of the abdominal walls and organs of the abdominal cavity.

The student should be able:

1. To master methods of preparation of vessels and nerves.

2. To find and show on preparations vessels and nerves of the abdominal walls and organs of the abdominal cavity.

To answer orally the questions with demonstration on natural preparations, models, tables:

1. Blood supply, venous, lymphatic outflow and esophagus innervation.

2. Blood supply, venous, lymphatic outflow and stomach innervation.

3. Blood supply, venous, lymphatic outflow and small intestine innervation.

4. Blood supply, venous, lymphatic outflow and colon innervation.

5. Blood supply, venous, lymphatic outflow and liver and pancreas innervation.

6. Blood supply, venous, lymphatic outflow and innervation of kidneys. The structure of the intraorganic vascular bed of the kidney.

7. Blood supply, venous, lymphatic outflow and innervation of organs of the abdominal cavity.

8. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the abdomen.

Theme 27

Fastening of practical skills and generalization of the material on blood supply,.

The student should know:

1. The structure of the organs and walls of the pelvis.

2. The structure of the lower extremity.

3. Blood supply, venous, lymphatic outflow and innervation of the walls and organs of the pelvis, the lower extremities.

4. Clinical methods of investigation.

5. Age features of the walls and organs of the pelvis, the lower extremities.

6. Variants and anomalies of development of the walls and organs of the basin, the lower extremities.

The student should be able:

1. To master methods of preparation of vessels and nerves.

2. To find and show on preparations vessels and nerves of the walls and organs of the pelvis, the lower extremities.

To answer orally on questions with demonstration on natural preparations, moulages, tables:

1. Blood supply, venous, lymphatic outflow and innervation of organs of the urinary system: ureters, urinary bladder, urethra.

2. Blood supply, venous, lymphatic outflow and innervation of the female generative organs.

3. Blood supply, venous, lymphatic outflow and innervation of the male generative organs.

4. Blood supply, venous, lymphatic outflow and perineum innervation.

5. Blood supply, venous, lymphatic outflow and hip joint innervation. 

6. Blood supply, venous, lymphatic outflow and knee joint innervation.

7. Blood supply, venous, lymphatic outflow and ankle joint innervation.

8. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the pelvis.

9. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the hip. 

10. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the shin.

11. Blood supply, venous, lymphatic outflow and innervation of muscles and skin of the foot. 

Theme 28

Fastening of practical skills and the material generalization by anatomo-topographical principles of blood supply, venous, lymphatic outflow and an innervation of organs, extremities, walls of the cavities. The modular test control

Items for discussion
To present and report results of studying of integrative questions and preparation of neurovascular fascicles of separate organs and regions. 

Purpose of training.
1. To show level of the knowledge received during study of the nervous system and sense organs, to get connected with received knowledge on 1 and 2 modules.

2. To show ability to find and show on a corpse and natural preparations the main neurovascular fascicles, combining demonstration with the description of theoretical knowledge on the given region or organ.

On the basis of the material of the practical out-of-class occupations and lecture course to consolidate the received knowledge and practical skills. To learn to see dependence of blood supply and an innervation of the given organ or region on functional features.

Samples of test tasks (tests, situational tasks) can be found in methodical editions of the department «Central nervous system», «Cranial nerves and sense organs», «Peripheral department of the nervous system, vegetative nervous system, organs of sense and endocrine glands», «Cardiovascular system», «Short reference book of arteries of the human body», and also their electron variants it is possible to receive in the computer centre, library of department or to get to know on department WEB-page of the internal university WEB-site.

The list of necessary knowledge and abilities, see in themes 24-27 of this textbook.

To answer orally on questions with demonstration on natural preparations, moulages, tables:
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Anatomo-topographical principles of blood supply, venous, lymphatic outflow and human body innervation

1. Blood supply, venous, lymphatic outflow and innervation of the walls of the oral cavity.

2. Blood supply, venous, lymphatic outflow and tongue innervation.

3. Blood supply, venous, lymphatic outflow and palate innervation.

4. Blood supply, venous, lymphatic outflow and innervation of sublingual and submandibular salivary glands.

5. Blood supply, venous, lymphatic outflow and innervation of parotid salivary gland.

6. Blood supply, venous, lymphatic outflow and innervation of dens.

7. Blood supply, venous, lymphatic outflow and pharynx innervation.

8. Blood supply, venous, lymphatic outflow and larynx innervation.

9. Blood supply, venous, lymphatic outflow and innervation of the thyroid and parathyroid glands.

10. Blood supply, venous, lymphatic outflow and innervation of the mucosa of the nasal cavity.

11. Blood supply, venous, lymphatic outflow and innervation of the masseters muscles and face skin.

12. Blood supply, venous, lymphatic outflow and innervation of the mimic muscles and face skin.

13. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the neck.

14. Blood supply, venous, lymphatic outflow and innervation of temporo-mandibular joint.

15. Blood supply, venous, lymphatic outflow and innervation of the dura mater of the brain.

16. Blood supply, venous, lymphatic outflow and eyeball innervation.

17. Blood supply, venous, lymphatic outflow and innervation of muscles of the eyeball.

18. Blood supply, venous, lymphatic outflow and lacrimal gland innervation. 

19. Blood supply, venous, lymphatic outflow and innervation of the external ear.

20. Blood supply, venous, lymphatic outflow and innervation of the midle and internal ear.

21. Blood supply, venous, lymphatic outflow and innervation of the trachea and bronchuses.

22. Blood supply, venous, lymphatic outflow and innervation of lungs and pleura.

23. Blood supply, venous, lymphatic outflow and heart innervation.

24. Blood supply, venous, lymphatic outflow and pericardial innervation.

25. Blood supply, venous, lymphatic outflow and innervation of the walls of the thorax cavity.

26. Blood supply, venous, lymphatic outflow and diaphragm innervation.

27. Blood supply, venous, lymphatic outflow and shoulder joint innervation.

28. Blood supply, venous, lymphatic outflow and innervation of the ulnar joint.

29. Blood supply, venous, lymphatic outflow and innervation of the radiocarpal joint.

30. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the shoulder girdle. 

31. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the  shoulder.

32. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the forearm.

33. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the hand.

34. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the back.

35. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the thorax.

36. Blood supply, venous, lymphatic outflow and esophagus innervation.

37. Blood supply, venous, lymphatic outflow and stomach innervation.

38. Blood supply, venous, lymphatic outflow and duodenum innervation.

39. Blood supply, venous, lymphatic outflow and colon innervation.

40. Blood supply, venous, lymphatic outflow and liver and pancreas innervation.

41. Blood supply, venous, lymphatic outflow and innervation of kidneys. The structure of the intraorganic vascular bed of the kidney.

42. Blood supply, venous, lymphatic outflow and innervation of organs of the abdominal cavity.

43. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the abdomen.

44. Blood supply, venous, lymphatic outflow and innervation of organs of urinary system: ureters, urinary bladder, urethra.

45. Blood supply, venous, lymphatic outflow and innervation of the female generative organs.

46. Blood supply, venous, lymphatic outflow and innervation of the male generative organs.

47. Blood supply, venous, lymphatic outflow and perineum innervation.

48. Blood supply, venous, lymphatic outflow and hip joint innervation. 

49. Blood supply, venous, lymphatic outflow and knee joint innervation.

50. Blood supply, venous, lymphatic outflow and ankle joint innervation.

51. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the pelvis.

52. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the hip. 

53. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the shin.

54. Blood supply, venous, lymphatic outflow and innervation of the muscles and skin of the foot.

Theme 29

The total control of mastering of the third module
Items for discussion
Questions for interview of the total modular control of mastering of theoretical knowledge and mastering of practical skills and abilities of demonstration on natural anatomical preparations (see 12, 24, 28 themes of this textbook). 

Topicality of a theme.
Theoretical and practical knowledge about normal structure and function of the nervous system and sense organs of the human body is extremely important for doctors of various specialties (traumatologists, neurosurgeons, vertebrologist, ophthalmologists, etc.) for the correct estimation of clinical implications and definition of the locus of the damaging of the nervous system, sense organs. The knowledge of anatomo-topographical principles of blood supply, venous, lymphatic outflow and innervation of organs, extremities and walls of cavities of an organism is necessary for all practical doctors for full understanding of occurrence and development of pathological processes in an organism.

Purpose of training.
To generalize and fix the received knowledge on the passed material on normal anatomy of the nervous system and sense organs, to show the received level of knowledge by anatomo-topographical principles of blood supply, venous, lymphatic outflow and innervation of organs, extremities and walls of cavities of an organism.

The student should know:

Theoretical and practical material, stated in methodical indicating to 1-28 occupations and presented in the questions list of the control of semantic modules on anatomy of the nervous system and sense organs.

The student should be able:

1. To answer on control questions of the nervous system and sense organs anatomy, anatomo-topographical principles of blood supply, venous, lymphatic outflow and innervation of organs, extremities and walls of the cavities of an organism.

2. To present and report results of preparation and studying of questions on the passed material.

3. To be able to recognize X-ray images, tomograms and to distinguish presence of pathological changes (volume formations, damages of integrity and structure of tissues).

V. Out-of-class Self-dependent work 

For out-of-class self-instruction work are offered the themes, which are not included into the thematic plan of the practical training, but can be found in a lecture course and also entered into questions of the total modular control. 

In this textbook following aspects are considered:

· Phylo- and ontogenesis;

· Defects and anomalies of development; 

· Age features of following departments of the nervous system:

· the central nervous system;

· sense organs;

· peripheral somatic plexuses and nerves;

· cranial nerves;

· vegetative nervous system;

· Modern clinical methods of investigation of the nervous system and sense organs.

VIII. Methodical advice for out-of-class independent work
Theme 1
ONTOGENESIS AND PHYLOGENESIS OF THE NERVOUS SYSTEM
Items for discussion:
Basic stages of phylo- and onto- genesis of the central nervous system: Age features: Anomalies of development.
Purpose of training
To study features of ontogenesis of the nervous system using embryos, fetuses, children and adult representatives of the human aided by materials on development. Study the phylogenetic features of the nervous system on various representatives of fauna, by way of the evolutionary changes involved. To be informed on the developmental anomalies of the central nervous system, compare this information with the function of each part of the CNS and coordinate them with practical clinical skills applicable in neuropathology, psychiatry, neurosurgery and adjacent fields of medicine.
The student should know:
1. 
 Embryonic development of the nervous system (medullary plate, medullary groove and neural tube).
2. 
 Three-layered structure of the neural tube and derivatives of its layers.
3. 
 Development of the brain - (3 and 5 cerebral vesicles stage) and their derivatives.
4. 
 3 stages in the phylogenetic development of the nervous system.
5. 
 The basic developmental anomalies of the central nervous system.
6. 
 Age features of CNS.
The student should be able:
1. To show using the chart:
a) A medullary plate;
b) A medullary groove and medullary ridges;
c) A neural tube and neural crests;
d) Vesicles of the brain (stage 3 and 5 cerebral vesicles).
2. To show centers of vital processes:
a) In the myelencephalon (respiration and circulation);
b) In the midbrain (the subcortical visual and acoustic centers);
c) In the diencephalon (the subcortical center for almost all kinds of sensitivity);
d) In the endbrain (telencephalon), cortical ends of analyzers (controlling the behavior of an animal).
Independent work
Independent work on the theme is achieved using lecture material, manuals and additional literature.
The basic stages of phylogenesis
Nervous cells in Coelenterata are united between each other in an integrated network ("diffuse" nervous system). In this connection, the whole organism is involved in stimulus response. Concentration of nervous cells and formation of nerve centers proceeds during subsequent evolution. Flat worms have a concentration of nervous cells and the nerve center forms either as a cranial ganglion or the peripharyngeal nervous ring, due to differentiation of the anterior and posterior ends of its body. The nervous trunks consisting of nerve fibrils and cells depart along its body from the ganglia. In annelid worms, the nervous system consists of paired cranial ganglia and abdominal nervous chain represented by two nervous trunks running ventrally and forming a nerve ganglion in each of its segments. Each pair of ganglia is connected with each other by transversal connections (scalene type of nervous system).
A junction formed between ganglia and the anterior department, results in appreciable integration and the structural complication of the cranial ganglion (brain).
In the chordates, a landmark is achieved in the nervous system as a neural tube arises. In vertebrates, the anterior end progressively develops and becomes a brain. The homology of the nervous system in vertebrates and lower chordates already shows an analogue of the brain in embryonic period. In all classes of vertebrates, the embryonic origin of the nervous system sequentially passes through the stages of medullary plate, groove, and neural tube with a lumen - neurocoele. Next, the nervous tube differentiates into the brain and spinal cord. Formation of the brain in all vertebrates begins with the formation of three dilatations in the anterior end of the tube (cerebral vesicles). The first is called anterior (prosencephalon); the second is called middle (mesencephalon) and the third - posterior cerebral vesicle (rhombencephalon). After a stage of three cerebral vesicles, the stage of five cerebral vesicles follows. These give rise to definitive parts of the brain. The anterior cerebral vesicle is divided by a transverse strangulation into two departments. The anterior department becomes the forebrain (telencephalon) - which in the majority of vertebrates forms the cerebral hemispheres. From the posterior part of the anterior cerebral vesicle, the interbrain (diencephalon) is developed. The middle cerebral vesicle is not divided and will entirely be transformed into the midbrain (mesencephalon). The posterior cerebral vesicle is also sectioned into two departments: anterior part forms the hindbrain (metencephalon) and posterior department forms the myelencephalon (medulla oblongata) which lacks a sharp border and continues into the spinal cord.
Thus, in all classes of vertebrates the brain consists of five basic parts: forebrain, interbrain, midbrain, hindbrain and myelencephalon positioned in the same sequence.
The degree of development in each department varies for each class. During the formation of five vesicles, the neurocoele forms a series of expansions called cerebral ventricles. Ventricles correspond to departments of the brain and communicate with each other and with the central canal of the spinal cord.

Each department of the brain has a roof (tegmen) and a base (basis). The roof is made up of parts of the brain located above the ventricles, while the base is below the ventricles.
The brain matter is heterogeneous. Collections of nerve cells have a darker color and form the gray matter. Collections of nerve cell processes are lighter in color and form the white matter. The layer of gray matter (nerve cells) lining the surface of the roof in any department of the brain is called the cortex.
THE BASIC STAGES OF ONTOGENESIS
The ontogenesis or development of an individual organism is divided into two periods: prenatal (intra-uterine) and postnatal (after birth). The first begins from the moment of conception and zygote formation and lasts up till birth; the second - from birth till death.
The prenatal period of ontogenesis begins from the moment of coalescence of male and female sex cells and formation of a zygote. The zygote consistently divides, forming a ball-shaped blastula. The fission continues, and later on an initial lumen – blastocoele is formed.

The process of gastrulation results in the moving of cells in the blastocoele by various methods leading to the formation of a two-layer embryo. This is the stage of a gastrula. At the stage of neurula, the neural tube, chord, somites and other embryonic germs are formed. The germ of the nervous system starts to reduce at the end of the gastrula stage. The cellular material of the ectoderm located on the dorsal surface of the blastema, thickens and forms a medullary plate. This plate is limited on its sides by medullary ridges. The fission of cells of a medullary plate (medulloblasts) and medullary ridges results in the bending of the plate into a groove, and then closure of the edges of the groove and formation of a medullary tube. Junction of medullary ridges results in ganglionic plate formation which then divides into ganglionic ridges. Unimodal primitive cells of medullary tube wall – medulloblasts, differentiate into initial nervous cells (neuroblasts) and primary neuroglial cells (spongioblasts). Cells of the intrinsic layer adjoining the lumen of the tube of medulloblasts turn to ependymal layer which cover the brain cavities. All primitive cells are actively dividing, enlarging the thickness of medullary tube wall and reducing the lumen of the nervous canal. Neuroblasts are differentiated to neurons, spongioblasts – to astrocytes and oligodendrocytes, ependymoblast - to ependymocytes (at this stage of ontogenesis the ependymal cells can form the neuroblasts and spongioblasts). During the neuroblasts’ differentiation, its processes are extended and turn to dendrites and axon which at this stage are deprived of myelin sheath. The myelination begins from the fifth month of prenatal development and completely finalizes only at 5-7 years old. At the fifth month there are synapses. The myelin sheath is formed in the CNS by oligodendrocytes and by the Schwann cells in peripheral nervous system.
During embryonic development processes of the macroglia cells (astrocytes and oligodendrocytes) are formed. Cells of a microglia are formed from mesenchyme and appear in CNS together with invasion of blood vessels.
Cells of ganglionic ridges are differentiated first to bipolar and then to pseudounipolar sensory neurons. Its central process reaches the CNS and peripheral - to receptors of different tissues and organs forming the afferent part of peripheral somatic nervous system. Efferent part of nervous system consists of motor neurons’ axons from the ventral part of a neural tube.
The embryogenesis of the brain begins with development of two initial cerebral vesicles in the anterior (rostral) part of the neural tube. This arises as a result of irregular growth of neural tube’s walls (archencephalon and deuterencephalon). The archencephalon is formed anterior to it. In the beginning of the fourth week the deuterencephalon of the blastema divides to middle (mesencephalon) and rhomboid (rhombencephalon) vesicles. At this stage (three-vesicle), the archencephalon turns to anterior cerebral vesicle (prosencephalon). In the inferior part of the forebrain, olfactory blades are developed (the olfactory epithelium of the nasal cavity, olfactory bulbs and tracts arise from them). Two ophthalmic vesicles project from the dorsolateral walls of the anterior cerebral vesicle. The retina of the eye, optic nerves and tracts later develop from it.
At the sixth week of embryonic development, anterior and rhomboidal vesicles each divide into two, and this leads to a five-vesicle stage.
Anterior vesicle - the endbrain - is parted by a longitudinal fissure into two hemispheres. The lumen is divided the form lateral ventricles. The matter of the brain is irregularly enlarged and numerous folds are formed on the surface of hemispheres - the gyri are separated from each other by more or less deep sulci and fissures. Each hemisphere is parted into four lobes and as such, 4 parts of the lateral ventricles are distinguished: a central part and three horns. The meninges of the brain are developed from the mesenchyme around the embryonic brain. Gray matter settles on the periphery to form the cortex of the cerebral hemispheres and in the base of hemispheres to form the subcortical nucleus.
The posterior part of the anterior vesicle remains undivided and is named the diencephalon. Functionally and morphologically it is connected with the organ of sight. The lateral walls of a diencephalon have the greatest thickness and will be transformed into the thalamus. Accordingly, the lumen of the III ventricle becomes a narrow sagittal cleft. The unpaired diverticulum – infundibulum is formed in the ventral region (hypothalamus). Its inferior end gives rise to the posterior lobe of the pituitary body - neurohypophysis.
The third cerebral vesicle becomes the mesencephalon which is developed most simply and dwarf. Its walls thicken evenly and its lumen turns to the narrow canal - Sylvian aqueduct - which bridges the III and IV ventricles. The quadrigeminal plate developed from the dorsal walls along with the cerebral peduncle, forms the ventral part of the mesencephalon.
The rhombencephalon divides into metencephalon and myelencephalon. The cerebellum - first the vermis, and then the hemisphere- as well as the pons, develop from the metencephalon. The myelencephalon turns to medulla oblongata. Walls of the rhombencephalon thicken at the sides and the bottom; only the roof remains as the thinnest plate. The lumen of the rhombencephalon becomes the IV ventricle which communicates with the Sylvian aqueduct and with the central canal of the spinal cord.
As a result of irregular development of cerebral vesicles, the neural tube starts to curve (a parietal flexure at the level of the mesencephalon, a pontine flexure at the region of the metencephalon and an occipital flexure at the place where the myelencephalon continues into the spinal cord). Parietal and occipital flexures are directed outside, and the pontine inside.
The structures of brain formed from the initial cerebral vesicle are the midbrain, metencephalon and myelencephalon and they constitute the brainstem (trùncus cerebri). It is a rostral continuation of the spinal cord and has common structural features with it. Paired frontal sulcus (sulcus limitans) along the lateral walls of the spinal cord and brainstem divides the neural tube into the basal (ventral) and pterygoid (dorsal) plates. The motor structures (anterior horns of a spinal cord, motor nucleus of cranial nerves) are formed from the basal plate. The sensory structures (posterior horns of the spinal cord, sensory nucleus of the brainstem) are developed from pterygoid plate and located above sulcus limitans. The centers of the vegetative nervous system are developed within the boundary of the sulcus limitans.
ANOMALIES AND MALFORMATIONS;

MALFORMATIONS OF THE SPINAL CORD AND VERTEBRAL COLUMN

The most often congenital defect of the spinal cord is dysraphia (spina bifida), related to nonunion of neural tube. Usually it is a defect of posterior portions of the vertebral column such as aplasia of arches and spinous processes. They occur more often in lumbar and sacral parts. The spinal cord is usually deformed, lies openly or just under soft tissues (muscles, skin), and as a rule fuses with them.

The anterior spinal hernia (spina bifida anterior) seldom occurs and represents defect of development of vertebral bodies.

Amyelia – lack of spinal cord. There is a thin fibrous bundle in place of spinal cord. Meninges of spinal cord are present. Amyelia is usually combined with anencephaly. 

Hydromyelia – edema of spinal cord. The central canal is expanded, lined by ependyma, and filled with cerebrospinal fluid. Usually posterior funiculi become thin, whereas neurons of grey matter practically never suffer. Hydromyelia occurs more often in cervical part. Defect can be independent, and may accompany internal hydrocephaly caused by atresia of median and lateral apertures of IV ventricle.

Diplomyelia is a duplication of spinal cord. Both spinal cords lie in a common bed, consist of meninges, and connect by glial tissue. They developed fairly well, and possess all features typical to a spinal cord. Defect is extremely rare. It arises before closure of neural tube as a result of separate closure of each half.

Brain

There are variations of number and in the form and sizes of sulci and gyri of cerebral hemispheres. Absence of superior frontal sulcus occurs in 1% of cases, inferior frontal – 16%, precentral – 6%, intraparietal – 2%, postcentral – 25%, inferior temporal – 43%. Many sulci bifurcate. Posterior part of lateral sulcus bifurcates in 40% of cases. It can divide into 3-4 parts in 6% of cases. Superior and inferior frontal sulci in 13 % of cases merge into one sulcus. Postcentral sulcus sometimes merges with intraparietal sulcus, posterior part of lateral sulcus (31% of cases). In 56% of cases there are two sulcus cinguli running parallel. Additional arcwise sulcus of precuneus is present in 40% of cases. Superior temporal sulcus is bifurcated (55%) or triple (12%) sometimes.

Sometimes olfactory tract has the longitudinal channel in itself. 

The sizes and the form of thalamus vary. Rarely, there are two interthalamic adhesions. Size of mamillary bodies vary as well. The configuration, interrelations of hypothalamic nuclei and their sizes are variable. Depth of interpeduncular fossa, number of foramina in posterior perforated substance vary. Variations of extent and the sizes of substantia nigra and red nucleus are observed. Depths of basilar groove, form of pons, thickness of middle cerebellar peduncles, vary individually. Number of cerebellar gyri varies from 127 to 244. Sometimes, there is an extra lobule – pyramid – lateral to the vermis. The extra flocculi fixed to vermis by own brachiums are described.
There may also be defects of the telencephalon as a result of non-closure of the neural tube (dysraphia of its cranial part).

Infringement of development of ectoderm and mesoderm underlies these defects. Hereupon, such defects are very often accompanied by infringements in development of meninges, cranial bones, and soft tissues of the head.

Anencephaly is the absence of cerebrum, bones of skull-cap, and soft tissues. Hindbrain is often damaged too. There are connective tissue cysts reach in blood vessels, lined by medullary epithelium, glia, solitary neurons, and remnants of choroid plexuses in place of cerebral tissue. Anencephaly, as a rule, is accompanied by evident adrenal hypoplasia, and neurohypophysis aplasia.

Age-related features of the central nervous system

Newborn brain weighs 300-400g. Soon after birth, formation of new neurons from neuroblasts stops. Neurons stop to divide. However by eighth month after birth, the weight of the brain is doubled, and is tripled by 4-5 years. The weight of the brain grows basically due to increase in number of processes and their myelination. The male brain reaches the maximal weight by 20-29 years, and female by 15-19. After 50 years the brain flattens and its weight declines by 100g in old age. Water content in nervous tissue decreases from 90 % up to 80-85 %. A principal cause of such changes is apoptosis - programmed cell death. Reduction of brain weight and volume is accompanied by expansion of the subarachnoid space and increased amount of cerebrospinal fluid. Vessels undergo changes in old age too. They become more convoluted; number of capillary loops reduces; tunica intima calcifies. 

Control questions

1. Name main stages of phylogenesis of the nervous system.

2. Name main stages of embryogenesis of the nervous system.

3. Name layers of the neural tube.

4. What do sensory nerves and the primordium of the vegetative nervous system derive from?

5. Show derivatives of cerebral vesicles.

6. Name vital important centers of each vesicle?

7. Name anomalies of CNS.

8. Which age-related changes occur in CNS?

Auxillary tasks for self-dependent work

1. To draw phylogenetic types of the nervous system.

2. To make a table of the three stages of development of nervous system.

3. To draw the development of the brain at the stage of three and five cerebral vesicles, and to label each of them.

4. To draw the table showing the derivatives of each vesicle.

5. To draw a table on the functions of each vesicle.

Theme 2

Sense organs

Items for discussion
Phylo- and onto- genesis of sense organs. Age-related features. Variations and anomalies of development.

Purpose of training
Sense organs serve in living organisms for interrelation and adaptation to constantly varying environmental conditions. Various sensations (smell, taste, vision, and hearing) are based on the activity of sense organs. Sense organs are represented by specific areas in the cerebral cortex where impulses from the receptors of different sense organs are accumulated. Knowledge of this theme is therefore important not only to particular specialists (ENT, ophthalmologist et al.), but also to general medicine, biologists and histologists.
The student should know.

1. Latin terminology of this theme.

2. Stages of phylogenesis of sense organs.

3. Stages of ontogenesis of sense organs.

4. Age-related features of sense organs.

5. Anomalies and malformations of sense organs.

The student should be able:
1. To explain the features and degree of development of sense organs in various animals and show their connection with life activity.

2. To draw a scheme of the cerebral base and label conductors and cortical ends of analyzers.

3. To name and show on specimens of a brain, cortical ends of analyzers.

4. To name anomalies of sense organs and to explain the mechanism of their appearance in connection with development.

Self-dependent work

Self-dependent work can be done using lecture material and extra literature (see list).

Main stages of phylogenesis

Skin.

The skin consists of epidermis (epithelium) and dermis (proper skin), formed by fibrous connective tissue. Invertebrates have a monostratal epidermis, and poorly developed connective tissue. Only echinoderms and cephalopods have well developed fibrous structures. Some invertebrates have derivatives of skin epithelium, such as cockleshells, chitinous covering in arthropods. Vertebrates have stratified epidermis with various appendages and well developed dermis with hypodermis.

The epidermis of Cyclostomata is composed of stratified nonkeratinized epithelium and contains many mucous glands. Superficial cells of the epidermis in amphibians are keratinized. Superficial layer of the dermis contains numerous mucous glands. Epidermis of reptiles keratinizes terrifically, forming scale.

The skin of birds is characterized by the presence of well developed epidermal derivatives – feathers, poorly developed epidermis and fibrous components of dermis.

Skin of mammals (except whales) has appendages - hair, nails, sweat and sebaceous glands. The dermis is composed of a loose papillary layer and a deeper, denser reticular layer. Both layers of the dermis are pierced by elastic fibers.

Organ of smell.

Based on the role of smell and its degree of development, all animals are classified as macrosmatics, microsmatics, and anosmatics. Animals of the first group possess well developed olfactory apparatus (most mammals). The second group includes birds and primates. Olfactory organs are absent in animals of the third category (toothed whales, dolphins and cachalots). In humans, the sense of smell plays a considerably lesser role than sight and hearing. However, its role increases in blindness and especially in the totally deaf and mute, when it remains as the main type of distant sensitivity. 

In lower invertebrates, the organ of smell is a part of other kinds of sensory reception and is most often represented by the specialized organ – osfradia. Organs of smell in insects are sensillas (located within feelers). Organs of smell in lower vertebrates are represented as paired nasal fossae, covered by sensitive epithelium. In mammals, the structure of the organ of smell becomes complicated due to the development of conchae and numerous processes of the ethmoid bone. In humans, the organ of smell is reduced and occupies a relatively small area of superior-posterior part of the nasal cavity.

Organ of taste.

The evolutionary organization of the taste analyzer is complicated. In insects, the taste analyzer is formed by 4-5 neurons within sensory filaments. Fishes have taste buds. The taste analyzer of amphibians allows them distinguish all gustatory qualities of food and water. In birds, the taste analyzer is poorly developed though taste buds are described in birds of different kinds.

Organ of vision.

Rudimentary ability to see is inherent in protozoa (reaction to light). During evolution, special photosensitive cells which selectively react to light stimulus (e.g. in worms) appeared. The eye as the organ of perception of light appeared in arthropods. There are two evolutionary types of eye: compound eye (in invertebrates) and optical camera (in vertebrates). Vision in both cases is based on absorption of light by photosensitive cells and hereupon, appearance of nervous signal transmitted to the brain (photoreception). 

The organ of vision reaches its greatest perfection in humans. It includes optical apparatus of the eye, a retina, an optic nerve, an optic tract, subcortical and cortical visual centers.

Organ of hearing.

The prototype of a labyrinth in the earlier stages of evolution was a static vesicle characteristic of invertebrates living in water.

In vertebrates the vesicle becomes complicated by setting apart special tube-like appendages of the static apparatus - semicircular canals. Cyclostomata have two semicircular canals. Owing to this, they can move in two directions. Since fishes and other vertebrates have three semicircular canals, motion is carried out in all directions.

The organ of hearing in aquatic animals is rudimentary and develops only on their exit from water to land, when perception of air vibrations is carried out. Organ of hearing separates from labyrinth, twists in cochlea with attached sound-conducting apparatus when animals enter land. So, amphibians have a middle ear – tympanic cavity with auditory ossicles and tympanic membrane. The acoustic apparatus reaches its highest development in mammals, where it includes a cochlea with compound sound-sensitive device (nerve, subcortical and cortical centers in brain). They have an external ear with an auricle and a deep external acoustic meatus.

Main stages of ontogenesis

Skin and its derivatives.

Skin derives from ectoderm and mesoderm. Epidermis derives from ectoderm. A 2 month human embryo has two-layered epidermis. By 6 months, flattened epidermal cells slough off, while columnar cells of the deep layer divide actively. Epidermis becomes stratified. Nerve endings grow in epidermis by the 4th-5th month. Typical relief of skin (ridges, grooves) on palms, and soles appears by the 3rd-4th month. The dermis and hypodermis of a 1-month-old embryo consists of mesenchymal cells. By 11 weeks, the mesenchymal cells have begun to produce collagenous and elastic connective tissue fibers. 

Organ of smell.

Between 13 to 15 weeks the ectodermal epithelium in the roof of each nasal cavity becomes specialized to form the olfactory epithelium. Some epithelial cells differentiate into olfactory receptor cells (neurons). The axons of these cells constitute the olfactory nerves, which grow into the olfactory bulbs of the brain.

Organ of taste.

The lingual papillae appear toward the end of the eighth week. The vallate and foliate papillae appear first, close to terminal branches of the glossopharyngeal nerve. The fungiform papillae appear later near the termination of the chorda tympani- a branch of the facial nerve. Taste buds develop during weeks 11 to 13 by inductive interaction between the epithelial cells of the tongue and invading gustatory nerve cells from the chorda tympani, glossopharyngeal, and vagus nerves. Most taste buds form on the dorsal surface of the tongue and some develop on the palatoglossal arches, palate, posterior surface of the epiglottis, and the posterior wall of the oropharynx.

Organ of vision.

The first indication of the eye is the optic groove, which forms at the beginning of the fourth week. The groove deepens to form a hollow optic vesicle that projects from the forebrain. The optic vesicle contacts the surface ectoderm and induces development of the lens placode- the primordium of the lens. As the lens placode invaginates to form a lens pit and lens vesicle, the optic vesicle invaginates to form an optic cup. The retina forms from the two layers of the optic cup.

The retina, the optic nerve fibers, the muscles of the iris, and the epithelium of the iris and ciliary body are derived from the neuroectoderm of the forebrain. The sphincter and dilator muscles of the iris develop from the ectoderm at the rim of the optic cup.

The surface ectoderm gives rise to the lens and the epithelium of the lacrimal glands, eyelids, conjunctiva, and cornea.

The mesoderm gives rise to the eye muscles, except those of the iris, and to all connective and vascular tissues of the cornea, iris, ciliary body, choroid, and sclera.

Organ of hearing.

The otic vesicle develops from the surface ectoderm during the fourth week. The vesicle develops into the membranous labyrinth of the internal ear. The otic vesicle divides into:

- a dorsal utricular part, which gives rise to the utricle, semicircular ducts, and endolymphatic duct;

- a ventral saccular part, which gives rise to the saccule and cochlear duct.

The cochlear duct gives rise to the spiral organ (of Corti). The bony labyrinth develops from the mesenchyme adjacent to the membranous labyrinth. The epithelium lining the tympanic cavity, mastoid antrum, and auditory tube is derived from the endoderm of the tubotympanic recess, which develops from the first pharyngeal pouch. The auditory ossicles (malleus, incus, and stapes) develop from the dorsal ends of the cartilages in the first two pharyngeal arches. The epithelium of the external acoustic meatus develops from the ectoderm of the first pharyngeal groove (cleft). The tympanic membrane is derived from three sources:

- endoderm of the first pharyngeal pouch;

- ectoderm of the first pharyngeal groove;

- mesenchyme between the above layers.

The auricle develops from six auricular hillocks which form from mesenchymal prominences around the margins of the first pharyngeal groove. These hillocks fuse to form the auricle.
Anomalies and malformations.
Skin.
On clinical and morphological manifestations among the congenital vices of skin and its appendages distinguish: dysplasia of hairs growth, keratinizing, dysplastic genodermatoses, anomalies of connective tissue.A hypertrichosis is extranumerary hairs.Albinism is absence or diminishing of melanin in a skin, hairs and iris.Melanizm is a diffuse polychromia (elbows, knees).Lentiginosis is the abundant as shallow dark pigmented spots (patches).Ichthyoids are a defeat of skin with different clinical displays (corneal tunic, cracks et cetera).Erythroceratodermis are erithromatous foci of different shape.A bullous ickhtiosiform hyperceratinization is bubbles and megaloplaque removing of epidermis a layer by the layer.Pachionihia is a defeat of nail plates (turbid incrassate nails).Dysplasia is disorder of epidermis and appendages of skin.Nevus (birth-mark) is the limited defect of development of skin (hyper pigmented spots).Hemangioma is tumor excrescence of blood vessels.A villoma is of high quality excrescence of epidermis.Dermatolizis is violation of development of elastic fibers.Cysts of skin – the dermatoid distinguish, epidermal and pilonidal ones.Anonihia is absence of nail plate.Polimastia is extra numeral amount of mammary glands.

Organ of smell.
Arinencephalia is aplasia of olfactory bulbs, fissures, tracts and plates with violation in many cases of hippocampus. A vice is accompanied by aplasia of a cribriform plate of sphenoid bone and crista galli, absence or hypoplasia of gyrus rectus of frontal lobes. Arinencephalia can be as the isolated vice, but more frequent is the component of some genetic and chromosomal syndromes (Mekkel’s and Patau’s).

Organ of taste.
Among malformations most often can seen:

– enlargement of tongue (macroglossia, megaloglossia);

– «plicate tongue» – folds and fissures on its surface;

– nonclosure of foramen cecum – one of symptoms of cervical fistulas;

– the goiter of lingual root is an additional thyroid gland in area of foramen cecum;

– anomalies of frenulum are shortening, resulting in violation of articulation of speech.

Organ of sight.
Malformations a primary eye bubble

Anophthalmia is absence of eyeballs. It is related to absence of origin of eye.A cyclopia is a presence of one or two eyeballs in one orbit on a middle line in area of forehead. A vice is related to the disorder of development of origin of eye in the first weeks of pregnancy.A congenital cyst of eye is a cyst’s cavity in place of absent eyeball.Coloboma is focal absence (fissure-like defect) of one or another shell of eye.Coloboma of ciliary’s body – more frequent observed at trisomia.Choroid's colobomas – more frequent are continuation of coloboma of iris and ciliary’s body.Coloboma of disk of optic body is a defect as a crater-like deepening in a center or on periphery of disc.Colobomatous cyst is an original appendage of eye as a cyst, disposed in an orbit in area of former embryonic fissure of eyecup.Anomalies of sizes of eyes Microphthalmia is diminishing of all sizes of eyeball.Megalophthalmia is a harmonious increase of eyeball.

Myopia is a decline of far vision, inherited both autosomic-dominant and autosomic-recessive.A congenital hydrophthalmos is an increasing of eyeball with a changing of e a sagittal axis, increasing of diameter of cornea.

Pigmented anomalies.

Albinism is the inherited pigmented insufficiency, conditioned absence of tyrosinase, which call the violation of melanin synthesis.Congenital melanosis is a hyper pigmentation of all of shells of eye.

Vices and anomalies of development of eyelids.

Criptophthalm is a vice, in which eyelids, eye fissure, conjunctiva and cornea are absent.Coloboma of eyelid is a transversal fissure-like defect of it (more frequent – upper).Microblepharon is diminishing of vertical size of eyelids.Epikant is a semilunar vertical fold at the medial corner of eye, covering caruncula lacrimalis.Congenital ptosis is a prolapsed upper eyelid.Ankiloblepharon is a partial junction of edges of eyelids.Congenital antropion is disorder of development at which the free edge of eyelid will be wrapped up to the eyeball and damages of cornea by eyelash.A congenital ectropion is a seamy side of eyelid, an eye’s fissure does not close up.A hypertrichosis is an increasing of number and length of lash.Distichiaz is a double row of cilia, that results in the friction of cornea and inflammation.

Malformation of conjunctiva.

Ablepharia is an absence of conjunctiva.An epitarsus is congenital folds or membranous of conjunctiva.

Anomalies of development of sclera.

Blue sclera – conditioned by visible of coroid tunik through the thinned sclera.Melanosis of sclera – are asp color spots of on a sclera.Focal yellow painting of sclera – because of violation of carbohydrate metabolism.Okhroposis is a deposit in cartilages, episclera, sclera of black homogeneous melanin-like masses of homogenic acid.Anomalies of form of sclera are its thinning and tension with the subsequent thrusting out and formation of staphyloma.

Vices and anomalies of development of cornea.

Congenital complete absence of cornea – observed at kriptophthalm.Microcornea is a cornea, having a size less than 11 mm in a diameter.Macrocornea is an increasinf of sizes of cornea.A flat cornea is absence of curvature of cornea, that reduces acutely the vision.A ceratoconus is the conical thrusting out of the thinned and cicatrically-changed cornea.Kelloid of cornea is extracicatrical tissue.Central dimness of cornea – usually bilateral process.A dorsal embryotoxon is peripheral dimness of cornea as a ring.Sclerocornea is diffuse dimness of cornea.Congenital staphyloma of cornea is thrusting out cicatrically-changed and infiltrated by leucocytes of cornea.A dermoid of cornea is semispherical creatura in area of limb.Vices and anomalies of development of vascular tunic. A pupil membrane is a remain of ventral department of vascular capsule of lens, located above a pupil. Aniridia is absence of iris.Cysts and follicles of iris – disposed in the different departments of it.Korrectomia is congenital displacement of pupil.

Discoria is a «cat's eye», pupil as a fissure.

Vices and anomalies of development of retina.

Group pigmentation is the disunited pigmental areas as a sector.A hypoplasia of retina is diminishing of gangliac cells and their processuses.Congenital disconnection of retina – observed at microphthalmia and coloboma.Hypoplasia of yellow spot – a vice combines with microphthalmia and coloboma.

Vices and anomalies of development of lens.

Afakia is absence of lens.Microfakia is diminishing of lens in a size.Sferofakia is a spherical form of lens.

Bifakia is a double lens in one eye.A cataract is a congenital phacoscotasmus (помутнение) of lens.An ectopia of lens is subdislocation or dislocation of lens.

Vices and anomalies of development of visual nerve.

Aplasia of optic nerve is absence of fibers – axons of retina.A hypoplasia of optic nerve is diminishing of amount of nervous fibres.Druses of optic nerve are single, semilucent plates, located on a disc.

Anomalies of development of vitreous body. These anomalies are connected with delay of reverse development of embryonic vitreous body (in particular – of artery). Rest of this artery is visible on the dorsal surface of lens and the disk of optic nerve.

Ear.
The anomalies of organ of hearing and equilibrium are:

– not complete development of internal ear – accompanied with complete deafness;

– resorbtion of ossicles – results in the decline of ear;

– dysplasia of auricular concha is a cleft of it, changes of its form.

Age-dependent features of sense organs.
There is a decline of functions of almost all of sense organs in old age. The ability of eye for accomodation  diminishes, because oculomotor muscles weaken and the structure of matter of lens changes. It call presmyopy or senile presmyopy. For old people the lens often become not transparent – a cataract develops. The acute vision falls.

The sensitiveness of ear goes down especially to ultrasound waves. An old man distinguishes a smell and taste worse. Their sense of equilibrium is violated.

The simptoms of senescence of skin show up after 50 years: scars are pigmental spots, warts, birth-marks and wrinkles (because the loss of subcutaneous fat). The number of sweat glands diminishes, that does a skin dry and rough. Diminishing of collogen in a skin conduces to the decline of elasticity, a skin becomes flabby. There is a fall and grey colour of hairs.

Control questions:
1. Describe the main stages of phylo- and ontogenesis of organ of smell.

2. Describe the main stages of phylo- and ontogenesis of organ of taste.

3. Describe the main stages of phylo- and ontogenesis of organ of vision.

4. Describe  the main stages of phylo- and ontogenesis of organ  of hearing.

5. what are the main aspects of age-dependent features, characteristic for sense organs.

6. Name the main anomalies and vices of development of sense organs.

Auxiliary tasks for self-defence work

1. To draw the integration scheme of phylogenesis of sense organs (to designate general law).

2. To make the integration table of ontogenesis of sense organs (to designate general law).

3. Schematically to designate the main malformations of sense organs.

THEME 3.

PERIPHERAL NERVOUS SYSTEM. SPINAL NERVES. SOMATIC PLEXUSES.
Examined questions.
Comparative anatomical data of phylogenesis of the peripheral nervous system. Stages of ontogenesis of the peripheral nervous system. Age-dependent features of the peripheral nervous system. Anomalies and variants of development of the peripheral nervous system.
Educational purpose tasks.
Using information of comparative anatomy, to trace the period of origin and following development of the peripheral nervous system in the process of evolution. A capture the knowledge will help to understand conformities of development of the peripheral nervous system under influence of changing terms of existence of living organisms. On the base of information of embryogenesis to set correlation between violations of development of embryo on the different stages of embryogenesis and, as a result, origin of anomalies of the peripheral nervous system.
A student must know:
1. Latin terminology on this topic.
2. Systematization of animal kingdom.
3. The main stages of phylo- and ontogenesis of the peripheral nervous system.
4. Age-depended features of the peripheral nervous system.
5. Malformations of peripheral nervous system.
A student must be able:
1. To explain the process of origin and advancement of the peripheral nervous system in connection with the changing terms of existence.

2. To draw the functional diagram of development of the peripheral nervous system.
3. To explain the age-depended features of the peripheral nervous system.
4. To interpret anomalies and vices of the peripheral nervous system.
Independent work.
Independent work on this topic we offer to carry out, using lecture material, methodical recommendations and additional literature (a list is added).
Basic stages of phylogenesis of the peripheral nervous system.
For simple animals, for example lancetnic, the ventral and dorsal roots of spinal cord are independent branches, do not form the mixed spinal nerve. For fishess ventral and dorsal roots fused out of vertebral canal, although the spinal ganglion of dorsal root is disposed inside the canal. The spinal nerves of water animals supply the corresponding myotomes and dermatomes, which were related to metameres of body, servings origin for formation of limbs. For sharks, sellachies and other water animals incorporated cervical-brachial and lumbar-sacral plexuses are formed. Only at amphibians independent cervical and brachial, lumbar and sacral plexuses are marked. Even at reptiles which have no limbs, cervical and brachial plexuses originate. Independent lumbar and sacral plexuses arise up at reptiles. This fact says that the ancestors of these types of animals had limbs which with the change of terms of existence life lost a function and atrophied. At to the mammals principle of structure of the peripheral nervous system generally is similar to such for a Human.
The main stages of ontogenesis of the peripheral nervous system.
A central nervous system and motor fibers develop from a neurotube, sensory fibers – from neuroblasts of ganglionary plates. In composition a neurotube and ganglionary plates there are neuroblasts – senior undeveloped neurons, able to migration. On the 3-4th week of embryonic development the processes of neuroblasts, being in the ventro-lateral department of neurotube, separate from it and form the anterior roots of spinal nerves. These roots grow inside near located myotomes. Neuroblasts of two ganglionary plates send processes in two directions: one – to the spinal cord, formative the dorsal roots of spinal nerves, other – on periphery of body or to the inner organs (digestive, respiratory, urinary, genital, endocrine and cardiovascular systems), having receptors. Originally the processes of ventral and dorsal root are disposed independently and only on the 5-6th week of embryonic development fuse in a common spinal nerve, which is in anatomical and functional connection with the corresponding sclerotome, dermatome and myotome. At the same time moving of myotomes of trunk and limbs is marked, that results in interlacing of nerves and forming of neural plexuses. On the 4-5th month of embryonic development from the ectodermic cells the myelinased shells are formed. Myelinization consists of that the cells of endoderm, stretching near nervous fibers, form neurolemm, where myelin is put aside. First of all the ventral and dorsal roots of upper segments of spinal cord, cranial nerves and those conducting ways of CNS, which have more phylogenetically ancient origin are myelinized, for example tractus rubrospinalis. The fibers of pyramid tract are covered by myelinic shells only after birth.
Variants of structure, anomaly and developmental malformations.

Structure, character and zones of branching of peripheral nerves are rather variable. Vary interlacement of nervous trunks, fascicles at formation of plexuses, places of branches origin from cranial and spinal nerves or plexuses. The innervation of muscles and zones of branching of cutaneous nerves are also individual variable. At cranial andt spinal nerves various forms of fascicles exchange of nerve fibrils various on a locating and on extent of bond of the next nerves with each other. Examples of variants and anomalies of nerves are given below.

Direction, quantity, structure of fibers of cranial nerves extremely variable. A lot of cranial nerves have connecting branches. Considerably vary zones of sensory innervation of cranial nerves. The greater occipital nerve sometimes gives auricular branch to a skin of an auricle and also a connecting branch with a lesser occipital nerve. The greater occipital nerve can supply to occipital belly of occipitofrontal muscle. The lesser occipital nerve can be absent or be double substituting the greater occipital nerve if it is absent.

Presence of additional phrenic nerves rising from a anterior branch of III cervical spinal nerve from a brachial plexus or from a subclavian nerve (most frequently) is possible. Phrenic nerve in 38 % of cases takes origin from IV cervical spinal nerve, in 16 % - from IV and V, in 22 % - from III-V and in 19 % - from III and IV cervical spinal nerves.

Two extreme forms of brachial plexus structure are known. Wider arrangement of branches and big angle of their convergence is typical for the first rather narrow and short brachial plexus is typical for people with a narrow and long neck. At the second form typical for persons with a short and wide neck the close locating of nervous branches of a plexus which are bridged forming acute angle to each other the plexus rather wide and long is observed.

Suprascapular nerve can innervated medial or posterior scalenes. The medial cutaneous nerve of a forearm sometimes gives sensory branches to an elbow joint. The musculocutaneous nerve sometimes is absent surrogated by branches of a median nerve. Frequently the musculocutaneous nerve gives of branches to elbow joint. The axillary nerve can be located in thickness of a subscapular muscle and supply it and long head the triceps brachii muscle.

The median nerve frequently originates from cervical spinal nerves.

The ulnar nerve is frequently formed by anterior branches V-VIII of cervical spinal nerves.

The radial nerve is frequently formed by fibers of anterior branches of the inferior cervical spinal nerves. Almost in in 50 % of cases the anatomical border of innervation of dorsum of the hand cutaneous branches of ulnar and radial nerves are not corresponding to the middle of III finger and is displaced in one or another sides.

Locating of a lumbosacral plexus, its form and dimensions changeable. The ilioinguinal nerve can be absent. Femoral and genital branches of a genitofemoral nerve can rise immediately from lumbar plexus. Anterior and medial cutaneous nerves of a thigh sometimes take origin from medial part of lumbar plexus. Lateral cutaneous nerve of a thigh in 6 % of cases passes together with a femoral nerve under an inguinal ligament. In 10 % of cases there is the additional obturator nerve which passes near medial edge of the psoas major muscle, behind the pectineus muscle.

Two extreme forms of femoral nerve division are known. At the first - the femoral nerve branches to not numerous but large branches, at the second - it gives of many long and thin branches. The femoral nerve can give final branches above a level of an inguinal ligament.

The sciatic nerve sometimes pierce a piriform muscle, frequently branches to tibial and the common fibular nerves already in a cavity of the  small pelvis or in range of greater sciatic foramen. The directions and number of common fibular nerve branches are vary. The medial plantar nerve (instead of lateral plantar) can give branches to the flexor digitorum brevis muscle.

Age features of peripheral nervous system structure.
At the newborn in composition of the nerve trunks is more connective-tissue elements than at adults. With an age these correlation variate. The myelinization of nerve fibers proceeds in the postnatal period. It proceeds in a direction from the center to periphery and at various nerves terminates in different terms of postnatal life. The amount thin and thick myelinated nerve fibers and also interrelation of myelinated and nonmyelinated axons in structure of nervous fascicles variates in ontogenesis.

At elderly and senile age sclerotic changes of blood vessels and a connective tissue of nerves environments are marked as a rule the number of myelinic fibrils of the big and average diameter in the nerve fibers decreases. Degenerative changes of myelin sheath basically of thick myelinated nerve fibrils as homogenization of a myelin, infringement its laminar structures and a complete destruction gradually accrue. Axial cylinders of a significant amount of myelinated axons are exposed to degenerative changes also. Parallel destructive changes of myelin sheath and the axial cylinder are frequently observed during  pathologic processes.

Control questions:
1.  At what stage of phylogenesis the peripheral nervous system appear?

2.  Name the sources and mechanisms of peripheral nervous system development.

3. Give the examples of peripheral nervous system structure variants.

4.  Describe age features of the peripheral nervous system.

Auxiliary tasks on self-preparation.

1. To draw the chart of peripheral nervous system development.

2. To make the comparative table of peripheral nervous system in the various age periods.

3. To make the comparative table of peripheral nervous system at various stages of phylogenesis.

Theme 4.
Cranial nerves.
Items for discussion.

The brief rather - anatomical data of evolutionary development of cranial nerves are offered. The basic stages of an ontogenesis, age features and anomalies of development of cranial nerves are taken up.

Purpose of training.

To study the stages of cranial nerves formation using the methods of a comparative anatomy, to reveal laws of cranial nerves development in phylogenesis.

Using knowledge of an ontogenesis of the nerves to reveal and explain origin of developmental anomalies and malformations.

The student should know:

1. Latin terminology of the theme.

2. A systematics of fauna development.

3. The basic stages of nervous system and cranial nerves phylogenesis.

4. The basic stages of of nervous system and cranial nerves ontogenesis.

5. Age features of cranial nerves.

6. Anomalies of cranial nerves development.

The student should be able:

1. To explain a stage-by-stage complicating of cranial nerves a structure in phylogenesis.

2. To draw the chart of cranial nerves formation in embryo.

3. To show on specimens of a brain localization of nuclei of the cranial nerves in a brainstem and spinal cord.

4. To show on specimens of a brain the places of the cranial nerves exiting.

Independent work.
Independent preparation on the theme advisable to carry out, using a lecture, manuals and the additional literature (see the list).

The basic stages of phylogenesis

Specificity cranial nerves structure formation in phylogenesis is caused by features of head development , that in turn is connected to a origin of sense organs and branchiate arches (with their musculation) and also a reduction of myotomes in range of a head. During phylogenesis cranial nerves have lost a pristine segmentary locating and become high-specialized. So optic (CN II) and olfactory (CN I) the nerves formed by processes of internuncial neurons represent the pathways connecting the olfactory and visions organ and with a brain. Oculomotor (III), trochlear (IV) and abducent (VI) nerves which have developed in connection with a head preaural myotomes supply to the muscles of an eyeglobe formed in these myotomes. These nerves on the parentage and function are similar to ventral roots of spinal nerves. Trigeminal (V ), facial (VII), glossopharyngeal (IX) and vagus (X) nerves by origin are visceral branchiate nerves as supply to the skin, muscles of the conforming visceral branchiate arches, and also contain visceral motor fibers, innervating glands and organs of a head and a neck. Philogenic structure of a trigeminal nerve includes a deep optic nerve which is found out as an independent nerve only at fleshy-finned fishes. A facial nerve supplies to the organs of a lateral line at fishes; at terraneous vertebrates- superficial muscles of a neck; at primates - muscles of expression. During phylogenesis vestibulo-cochlear (VIII) stands apart from a facial nerve a nerve exercising a specific innervation of an acoustic and equilibrium organs. Glossopharyngeal and vagus are typical branchiate nerves. At cyclostomata, fishes and amphibious constantly are available only first ten of cranial nerves. Accessory (XI) and hypoglossal (XII) nerves arise for the first time at amniotes as a result of coalescence of roots from spinal nerves.

The basic stages of an ontogenesis

In ontogenesis at a human embryo the origin of cranial nerves takes place at a stage of head somites formation. Their structure includes somatic and visceral sensory and also somatic and visceral motor conductors. I and II pairs educe as growth from walls of telencephalon and midbrain. Development other ten pairs of cranial nerves pass similarly to development of anterior (motor) and posterior (sensory) roots of spinal nerves. Motor components of cranial nerves are formed by a germination of nerve fibrils fascicles in origin of head muscles from cellular clumps - origin of motor nucleus formed in brainstem. Sensory components of cranial nerves are formed as a result of a germination of fascicles of nerve fibrils which are processes of the neuroblasts which are taking place in germinal nerve ganglions of the conforming nerves.

Features of the subsequent formation of cranial nerves at the person are connected basically to terms of development and a degree of a myelination of nerve fibrils. Fibers of motor nerves are formed before mixed and sensory.

Anomalies and developmental anomalies

Anomalies and developmental malformations of cranial nerves are closely connected to congenital faults of CNS and are consequence of infringement of one or several basic developments of a brain: formation of a neurotubule, separation of its cranial part into paired formations, migration and a differentiation of nervous cellular elements. So, infringements of brainstem development represent by hypoplasia or an aplasia of nuclear groups (for example oculomotor or trochlear nerves). Infringements in developments of the pons result to congenital developmental anomalies of trigeminal, abducent, facial and vestibulo-cochlear nerves with the conforming clinical picture.

Infringements of development of myelencephalon are in a stage of the further studying. However, it is known, that at focal ectopia and aplasias of nucleus congenital infringements of glossopharyngeal, vagus, accessory and hypoglossal nerves with the conforming symptomatology are observed.

At congenital infringements of development the hypoplasia and an aplasia of nucleus of cranial nerves, one-side absence almost all cranial nerves are known.

Age features of cranial nerves

It has been specified above that process of a myelination of cranial nerves first of all takes place in motor fibers and then in mixed and sensory nervous conductors. The exception is only the fibers of vestibular part of VIII pairs which are almost completely myelinated to the moment of birth. In the age of 1-1,5 years old almost all nerve fibrils of cranial nerves completely myelinated. Final formation of Gasser's ganglion trigeminale completes up to 7 years old, glossopharyngeal and vagus nerves - even later. At newborn in motor cranial nerves quite often find out clumps of ganglionic cells of spinal type which after 4-years age gradually peter.

With the years on a measure of body height of a head the length and diameter of fulcrums of cranial nerves are enlarged. Their thickening in part follows the account of augmentation of quantity of a connective tissue in epineuriums and endoneurium. At senile age the quantity of a connective tissue in endoneurium decreases, and in epineuriums at the contrary is enlarged. As a whole age changes of cranial nerves submit to laws of age rearrangement of nerves.

Feature of course of processes of aging in nervous system (and cranial nerves in particular) is that precursors of nervous cells stop division in the end embryonic or right at the beginning of the postembryonal period. Thereof the quantity of nervous cells during life of an organism is reduced only. There are experimental data that the quantity of neurones at old people decreases for 25 %, concentration of nerve terminations, and also neurotransmitter in various organs is reduced. Age changes on the part of cranial nerves completely correlate with process of aging, proceed in all structures of nervous system.

Control questions:

1. Give the characteristic of olfactory and an optic nerve in phylogenetic aspect.

2. What are the cranial nerves similar to ventral roots of spinal nerves by origin?

3. What are the cranial nerves derivatives of visceral branchiate arches by origin?

4. Name what are the cranial nerves typical branchiate nerves? Give them the characteristic.

5. What nerves are formed of coalescence of roots of spinal nerves?

6. Connect features of cranial nerves ontogenesis with possible anomalies and developmental malformations.

7. Describe the basic age features of cranial nerves.

Auxiliary tasks for self-preparation

1. To make the comparative table of anthropometric description of cranial nerves in the various age periods.

2. To draw the chart of an of cranial nerves exit on the base of a brain.

3. To make the table of age features of cranial nerves.

4. To make the table of anomalies and developmental malformations of cranial nerves.

Theme 5
VEGETATIVE NERVOUS SYSTEM
Items for discussion
Comparative anatomic data of vegetative nervous system phylogenesis. Stages of vegetative nervous system ontogenesis. Age features of vegetative nervous system. Anomalies and variants of development of vegetative nervous system.

Education tasks
The use of data from comparative anatomy, to trace the periods of origin and further development of the vegetative nervous system in the process of evolution. This knowledge will help to explain patterns of development of the vegetative nervous system under the influence of varying environmental conditions. One can establish a correlation between developmental derangements at the different stages of embryogenesis and as a consequence, the origin of vegetative nervous system anomalies.

The student should know.

1. Latin terminology of the topic.

2. Fauna systematics.

3. The basic stages of phylo - and onto- genesis of the vegetative nervous system.

4. Age features of the vegetative nervous system.

5. Developmental anomalies of vegetative nervous system.

The student should be able:
1. To explain the process of origin and complications of the vegetative nervous system in connection with varying environmental conditions.

2. To draw a functional scheme on the development of the vegetative nervous system.

3. To explain age features of vegetative nervous system.

4. To interpret anomalies and malformations of the vegetative nervous system.

Self-dependent work
Self-dependent work on the topic can be carried out using lecture materials, manuals and additional literature (see list).

Basic stages of phylogenesis of the vegetative nervous system.

In many lower animals, the nervous system is presented by a network that is developed proportionately in all parts of the body. Isolation of the cephalic and caudal ends of the body, and formation of body segments results in the concentration of nervous cells in nodes where cells have the ability to form a large interconnecting network.

In connection with progressive development of sense organs and other systems at higher organized animals e.g. chordate animals, the reticular nervous system is differentiated into somatic (animal) and vegetative (autonomic). The somatic system innervates body, and vegetative - regulates the activity of internal organs and conducts adaptive-trophic impulses to cells and tissues. In the internal organs of a lancelet, there are plexuses with small nodes; there are no paravertebral nodes ​and none at the cephalic part of the body.

Cartilaginous bony fishes and cyclostomes (lampreys) have well developed vegetative nerves and plexuses. The vagus nerve and the sympathetic trunk are well differentiated. Vegetative plexuses are present in the walls of internal organs​. Starting from amphibians, extraorganic plexuses with prevertebral and cephalic nodes are expressed ​and are well-defined. These phylogenetic​ data indicate that with increased structural complication of an organism, the functional and corresponding structural ​ reorganisation of the vegetative nervous ​ system is observed; the higher regulatory mechanisms become more complicated.

The basic stages of ontogenesis of the vegetative nervous system

The sympathetic trunks start to develop in the 3rd week of the embryonic period.  Neuroblasts (sympathoblasts) migrate from the nervous tube and form paired nervous plates. From these plates thoracic and lumbar sympathetic nodes are formed. At the end of the 1st month, sympathetic nodes are formed in cervical and sacral departments. Simultaneously sympathoblasts migrate to the internal organs,after which they get into the intestine wall and then into the heart tube. Ahead of the aorta, plural sympathetic nodes also start to develop. Parasympathetic nodes of the facial part of the head (ganglia ciliare, oticum, pterygopalatinum, submandibulare) is as a result of migration of  neuroblasts of the cranial part of the nervous tube and from cells of the semilunar node of the trigeminal nerve. Displacement of neuroblasts occurs on nervous trunks.

Development of the vegetative centers of the spinal cord occurs as a result of the isolation of sympathoblasts in the 3rd week of embryonic development in the lateral parts of the 1st thoracic to the 3rd lumbar segment of the nervous tube. Their axons grow out ​on the periphery together with axons of neuroblasts of the motor root. Sympathoblasts also grow out in dentate ligaments. Then they leave the anterior root, forming the white connecting branch for communication with sympathetic nodes.

The highest level of regulatory mechanisms of vegetative functions is the limbic area, hippocampus cortex, orbital ​ gyrus which are connected by projective ​ conducting tracts with the hypothalamic nuclei. Their formation is associated with the development of the brain from the 2nd month of prenatal development. Only from 8th month of prenatal development is the full unity between the higher mechanisms of vegetative regulation and vegetative nuclei of the spinal cord established​.

Variations in structure; anomalies and malformations.

The superior cervical node of the sympathetic trunk varies in form and size. Occasionally it is divided into three nodes (intermediate nodes), connected by the branches.

The superior cervical cardiac nerve can be originated from the sympathetic trunk. Often superior cervical cardiac nerve is connected with recurrent nerve branches and with branches of the inferior cervical node of the sympathetic trunk.

The cervical part of the sympathetic trunk occasionally bifurcates​. The middle cervical node is often connected by the connecting branch to the phrenic nerve of the same side. Cervicothoracic (stellar) node sometimes doubles, seldom triples, and ​occasionally forms the connecting branch with the phrenic ​ nerve. The external carotid plexus can give branches to the pterygopalatine node. Presence of additional superior or inferior ciliary nodes. Long roots of the ciliary node (preganglionic parasympathetic fibers) originate from the trigeminal node, from the initial part of the frontal nerve or (very seldom) from the lacrimal nerve.

Number of thoracic nodes of the sympathetic trunk varies from 5 to 13. The connecting branch often passes from the first thoracic node ​to the inferior cervical cardiac nerve.

The greater splanchnic nerve sometimes originates from​ the second and third thoracic sympathetic nodes. The aortic thoracic plexus often communicates with the posterior pulmonary plexus​. The sympathetic trunk seldom interrupts at the level between the last lumbar and the 1st sacral vertebrae. The number ​of lumbar nodes in the sympathetic trunk individually varies from 1 to 7, sacral - from 2 to 6 (usually 4 nodes).

Anomalies and malformations of the vegetative nervous system are presented by anomalies of the innervation of the gastrointestinal tract.

Congenital intestinal aganglionosis

 (Hirschsprung's disease, true congenital megacolon) - agenesis of the ganglion of the intermuscular (Auerbach’s) and submucous (Meissner’s) nervous plexuses in certain intestinal portions. Frequency – 0.2 cases in every 1000 newborns​. The aganglionic zone extends various distances upwards from the anal canal. In connection with this, the following forms can be differentiated- rectal form (21.9% of all cases); rectosigmoid (69.2%); subtotal - with the affection of the transverse colon or more proximal department’s ​ (3.2%); total - all ​ of the colon (0.6%) and segmented (5.1%). In the last case, the aganglionic zone is found between two portions of the intestine ​ with the indwelling nervous plexuses, or the portion of the healthy intestine is located between two aganglionic portions. In 1 % cases agangliosis affects the small intestine, thus, beside ganglionic cell aplasia, nervous fibers can be absent. In 82.2% of Hirschsprung's disease cases, the cellular ​ component of ganglions is completely absent. In 17.8% of cases, ​deficiency of neurons occurs with marked morphological changes. In nervous plexuses, there are convoluted fascicles of unmedullated nerve fibers. The trigger mechanism in the development of Hirschsprung's disease is the aplasia of cholinergic neurons of the intermuscular plexus, which coordinate intestinal peristalsis. It ​ is accompanied by the absence of sympathetic teledendrons, having an inhibitory effect on the ganglions. ​The reflex relaxation of the internal rectal sphincter is therefore impaired​. The condition is aggravated with excess of cholinergic nervous fibers in the muscular ​ layer, which bring on persistent spastic spasm of the intestinal muscles.

Presence of aganglionic, spastic, non-peristaltic segments results in development of constipation or dynamic intestinal obstruction. Superposed portions of the intestine dilate, walls hypertrophy, megacolon occurs. Under the influence of the constant fecal impaction, adipose degeneration of the liver ​​​develops. The condition can be complicated by perforation, expanded colon, and development of coloenteritis. On x-ray examination, a characteristic cone-shaped zone between narrowed and dilated suprastenotic segments can be distinguished. 

Development of Hirschsprung's disease can be associated with a disturbance​ in the migration process of nervous elements in the primordium of the intestinal tube ​or with disturbance of differentiation of proneuroblasts. Sometimes a combination with megaureter (2.5%-4%) and other anomalies are observed, testifying to its effect of on the pelvic portion of the parasympathetic system.

Esophageal achalasia (cardiac achalasia, mega esophagus, ​ cardiospasm) - disturbance of the relaxation reflex of the cardial sphincter in response to the distension of the esophagus. It results in dilatation and hypertrophy of the esophagus. 

Morphological background of esophageal achalasia is the reduction or full absence of ganglionic cells in the cardial part of the esophagus, which normally carry out the coordination of peristaltic waves (a similar mechanism occurs in Hirschsprung's disease). It was once assumed that trypanosomes are etiological factors. As is known, it can cause colon agangliosis (Chagas disease), avitaminosis, ​bacteriemic or viral infection, emotional stress. At the same time there are a number of cases of esophageal achalasia at 2, 3 and even 4 ribs, allowing one to assume congenital character of disease with late implication. A combination of achalasia and nanocephalia described in 3 sisters and probably their brother is, according to authors an autosomal-recessive inheritance.

The clinical manifestations are dysphagia, vomiting with subsequent attrition and development of pneumonia. On x-ray examination, there is a sharply expanded esophagus which is narrowed ​ in the cardial portion; only a small amount of barium gets into the stomach after long time.

Age features of the structure of vegetative nervous system
The newborn has all parts of the vegetative nervous system, inherent in the adult. On a macroscopic level it is clearer than in the adult, ​extraorganic plexuses, paravertebral and prevertebral sympathetic nodes are visible. In the adult, due to increased adipose tissue and thickening of the connective tissue fibers, ​it is not always possible to see nervous fibers of vegetative plexuses. ​ Sizes and thickness of vegetative nodes and nerves in children are less than in the adult. Sympathetic and parasympathetic nodes contain mainly​ small cells which are enlarged in size by 3 years. Between 3 and 16 years, ​fast growth of the dendrites of sympathetic and parasympathetic cells is observed. There is formation of huge number of synapses and reduction of pigment granules​​.

Control questions.
1. At what phylogenetic stage does the vegetative and somatic nervous system appear?

2. Name the origins and mechanisms of development of the vegetative nervous system.

3. Describe the basic structural variants of the vegetative nervous system.

4. Describe age features of vegetative nervous system.

5. Name the basic anomalies and malformations of the vegetative nervous system.

Auxillary tasks for self-dependent work

1. Draw the scheme of vegetative nervous system development.

2. Make a comparative table of the vegetative nervous system during various age periods.

3. Make a comparative table of the vegetative nervous system at various phylogenetic stages.

4. Make a table of the anomalies of the vegetative nervous system.

Theme 6

CLINICAL METHODS of INVESTIGATION of NERVOUS SYSTEM and sense organs

Items for discussion
General characteristics of clinical methods of investigation. The characteristics of these methods: X-ray examination of the skull and vertebral column, cerebral and spinal angiography, myelography, X-ray computer tomography, radionuclide myelography, magnetic resonance imaging, magnetic resonance myelography and cisternography, magnetic resonance angiography, functional magnetic resonance tomography, ultrasonography (Doppler ultrasonic investigation), some methods of investigation of the peripheral nervous system and sense organs.

Educational tasks
1. To study the general characteristics of clinical methods of investigation of the nervous system and sense organs; the relevance of studying their anatomic structures.

2. To study features of investigation of the central nervous system using radiological methods.

3. To understand principles and possibilities of methods: magnetic resonance imaging, magnetic resonance myelography and cisternography, magnetic resonance angiography, functional magnetic resonance tomography, ultrasonography.

The student should know:

1. General characteristics of the basic clinical methods of investigation.

2. X-ray anatomy of the brain and spinal cord, cerebrospinal fluid containing spaces.

3. Principles and importance of angiography, computer tomography and magnetic resonance imaging.

The student should be able:

1. On a roentgenogram of the skull, define bones of facial and cerebral parts of the skull; find accessory sinuses of the nose; anterior, middle and posterior cerebral fossae; pituitary fossa.

2. On a roentgenogram of the vertebra column, find its flexures; vertebral body and processes; vertebra canal.

3. On the base of knowledge on the general characteristics of clinical investigation methods, the student should be able to name the most informative methods of investigation for studying the structure of different formations of the central nervous system (vessels, subarachnoid space, and nervous tissue).

4. The characteristics of methods of investigation of the peripheral nervous system and sense organs.

Self-dependent work

General characteristic of clinical methods of investigation look («Module 2. Splanchnology, anatomy of cardiovascular system» // Educational methodical practical work for the students of higher medical institutes III-IV of levels of accreditation. – Simferopol, 2008 – 336 с.)

Roentgenography (X-ray examination) of skull (craniography, skull X-ray) and spinal column. 

This method is currently a little less valid due to widespread computer tomography (CT) and magnetic resonance imaging (MRI). But it’s still useful for cranial trauma, hyper ossification of skull bones (pathological calcifications), bone destruction, and in diagnosing skull base anomalies. Also it is one of the basic, most available and cheapest methods for studying the anatomy of the skull and spinal column. Usually a two-projection X-ray exam is used (frontal and lateral views), but other views might be used as well. Nasal accessory sinuses, skull cavity, cranial bones are well seen on a frontal (straight) view X-ray image. But brain structures are not clearly visible because of the low absorbing power of nervous tissue. That’s why contrast agents are widely used for X-ray exam.  Lateral view X-ray image properly shows anterior, medial and posterior cranial fossae, pyramid of the temporal bone and the Turkish saddle (it’s enlargement indicates hypophyseal tumor). 

Spinal column X-ray is suitable for any of its parts. Vertebral bodies and transverse processes of cervical and lumbar vertebrae are clearly visible. Also spinous processes and vertebral canal are well seen as a shadow. In the thoracic part of the spine, shadows of spinous processes overlay shadows of rib heads and necks. Natural spinal curvatures (kyphosis and lordosis) are visible on lateral view X-ray images, pathological curvatures (scoliosis) are seen on frontal one.

Ventriculography.

Ventriculography with usage of non-ionic contrast agents is a highly invasive diagnostic method. It’s made by puncture of lateral ventricles (anterior horns mostly) and  injection of contrast agent to their cavities. Currently ventriculography is used to define CSF passage through interventricular foramina (Monro's foramen), 3rd ventricle, sylvian aqueduct, and 4th ventricle in case of congenital malformations of liquor spaces.

Cerebral and spinal angiography (vasography).

This is a contrast method of x-ray diagnostics applicable to the cerebral vascular system. Cerebral angiography allows for visualization of brain vessels, their topographic relations to other vessels, bones and nervous tissue. Simple angiography is used less now due to widespread application of computer and magnetic resonance angiography.

Myelography.

This method is used to examine the liquor system of the brain. It is technically done by subarachnoid space puncture and injection of water-soluble contrast agent into it. Two types of myelography are distinguished: descending – the contrast agent is injected into the subarachnoid space at the level of large occipital cistern (used rarely); ascending – contrast agent injected into subarachnoid space at level of inferior lumbar portion of spine. This method allows for visualization of the spinal cord subarachnoid  space, spinal roots, spinal canal curvatures.

Roentgen computer tomography.

Computer tomography (CT) – is a method based on the ability of different tissues to absorb roentgen radiation according to their density. Computer tomography of the head is used to analyze the condition of soft tissues, skull bones, brain matter and liquor system. It’s cheaper (compared to MRI) and simple enough. This explains why it is one of the most effective methods for brain visualization.

Lastly, in addition to standard CT with step-by-step scanning regime, spiral CT is widespread in medical practice. Spiral CT allows one to get 0.1 mm sections and to receive 3D images of the head in few seconds. This also makes it possible to do high quality angiographic examination or perfusion CT of the whole brain and neck.

CT- myelocisternography.

This method combines the abilities of CT and myelography. It’s an invasive imaging method as it requires a contrast agent to be injected into the subarachnoid  space. In contrast to myelography, the amount of contrast agent used is usually two times less. CT- myelocisternography is used to estimate CSF passage through liquor spaces of the brain and spinal cord.

Magnetic renonance imaging (MRI).

MRI is based on hydrogen atomic nuclei irradiation of energy their got while the patient exposure to radiation by radio-wave emission. MR signal intensity represents features of tissue internal structure and depends on tissue physicochemical properties. This makes it possible to distinguish normal tissues from pathologic ones and to see the function of some brain structures.

Special MR-investigations with additional math processing are: myelography and cisternography; functional MR liquorography (dynamic investigation of liquor flow with affixment to cardiac cycle); 3D MRI – 3D models creation; MR-angiography – noninvasive method to visualize vascular system; diffusion MRI – diffusion mapping; perfusion MRI – perfusion mapping; functional MRI – brain neuronal activity mapping; MR- spectroscopy – detection of quantity of metabolite in various brain areas.

3D MRI.

It’s anatomical structures 3D reconstruction, creation of 3D models and sections at unconditioned planes based on brain consecutive sections kit. Each section is a layer 1-3 mm thick. After spiral CT, the data acquisition process for the creation of 3D models takes only a few minutes. It allows construction of high quality 3D images. In clinical practice involving 3D modeling, some complicated reconstruction algorithms are used. They not only allow one choose specific tissue contrast for modeling, but perform various “virtual operations” on models: rotating a model in virtual space, cutting it’s parts, color display of different contrast range tissues, symmetric representation of separated structures.

Magnetic renonance myelography and cisternography.

Noninvasive methods to get high contrast (against a nervous tissue) liquor spaces images. Methods are used to study liquor system structure and for investigation of CSF passage in different parts of the CNS.  
MR-angiography.

This is used to visualize vascular structures. As opposed to spiral CT, simple and digital angiography and other radiologic methods, MR-angiography allows one to visualize blood vessels without using a contrast agent. MR-signals from blood within a vessel and surrounding tissues are different because blood is mobile. If high speed impulse sequences are used together with intravenous injection of paramagnetic contrast agent, venous structures of the brain might be visualized.

Functional MRI.

Neuronal activity mapping allows one to find areas of brain neuronal activation as a response to various irritants: motor, sensory, etc. So far, that kind of mapping was performed by isotopic methods such as positron emission tomography (PET) or single photon emission computer tomography (SPECT). Functional MRI is based on regional blood flow and blood oxygenation increase in brain areas responding to the irritation. This hemodynamic response (blood oxygenation increase) lasts about 2-3 seconds after irritation effect. Functional MRI compares signals with (activation) or without (control) irritation. MR-signal increase areas are zones of brain neuronal activity. These areas are colored according to intensity scale and for neuronal activity mapping.

Doppler ultrasonography.

This is a non-invasive investigation method used to study the conditions of blood flow (uses Doppler effect). Its main point is that if a source of sound moves according to a sound detector, the frequency of detected sound differs from source sound frequency. To register a Doppler effect, ultrasonic waves are sent to the investigated blood vessel. These waves reflect from moving blood cells and change their frequency on the detector. It allows one to get information about the speed and direction of blood flow, blood volume, and based on that information; make a conclusion about blood flow disorders, condition of vascular wall, probable atherosclerotic stenosis or vessel obstruction and estimation of collateral blood flow. As a result of Doppler effect registration we get Doppler ultrasound image. Besides, Doppler ultrasonography helps one to get a virtual image of the vascular bed showing its local blood flow characteristics. 
Some methods of peripheral nervous system investigation. 

Clinical neurophysiologic methods form the basis of investigation of the peripheral nervous system and sense organs. There are two groups of these: nervous system induced potential’s method and methods of electric neuromyography and electric neuography. The most well known methods of first group are methods of visually induced potentials, somatosensory induced potentials, and auditory induced potentials. Their basis is nervous system electric reaction to irritation. Clinically, receptor and peripheral nerve stimulation and the amplitude of their induced potentials are used to characterize the nerve impulse conducting process of peripheral and cranial nerves.

Electric neuromyography investigates electrical activity of peripheral nerves and muscles. It allows one to register spontaneous, voluntary, induced and responsive activity of peripheral nerves and muscles. Neuography is the registration of the action potentials of peripheral nervous fibers and in this way, it’s related to induced potential’s method.

Organ of vision investigation.

Investigation of pupil reaction by pupilometry (measurement of the pupil’s diameter by special device) and pupilograthy (registration of changes in pupil size by photographing and filming). Detailed investigation of cornea, lens and vitreous body is done by eye biomicroscopy. Eye media and fundus of eyeare examined by ophthalmoscopy. Cornea’s refracting power is measured by ophthalmometry. Tonometry is used to measure intraocular pressure; hydrodynamic investigation is made by topography; iridocorneal angle condition is examined with a device called gonioscope (gonioscopy). Diaphanoscopy (transillumination of eye tissues) is used to diagnose tumors, foreign bodies and some other disorders. Eye linear dimension measurement (e.g. for contact lens prescription) and intraocular tumors and foreign bodies detection is made by ultrasonic echography. To define eye hemodynamics blood pressure inside ophthalmic artery is measured (ophthalmodynamometry), eye-ball volume pulse (ophthalmoplethysmography), eye bloodflow speed (ophthalmorheography). Fluorescein preliminary contrasted fundus of eye blood vessels are also examined (eye angiography). Electroretinography and electro-oculography helps to define the functional condition of the retina and optic nerve by detecting their electrophysiological characteristics. Functional condition of the yellow spot is defined by macular testing (e.g. by using the device called maculotester).

Smell and taste investigation.

To examine smell and taste function qualitative and quantitative olfactometry and gustometry are used. Qualitative olfactometry and gustometry methods, use odorous and flavouring substances which effect olfactory sensitivity (e.g. phenylethyl alcohol, eugenol, citral), taste sensitivity (e.g. pyridine, chloroform). They help to define a patient’s ability to perceive and distinguish smells and tastes. Quantitative olfactometry and gustometry are used to define the threshold of smell and taste sensitivity, functional adaptation and restoration time. Special olfactometers and gustometers which dose odorous and flavouring substances effect intensity and duration are used for it.

Auditory sensitivity investigation.

Hearing investigation is done to define its condition. Objective audiometry is an important method which includes two different investigational techniques. First one is registration of electric potentials as a response to various acoustic stimuli (from short clicks without tone to minimal duration tonal effects). Response to short acoustic impulse characterizes brainstem acoustic formations action. Second technique is registration of electric potentials as a response to prolonged acoustic effect. It allows one to define the condition of brain cortex acoustic areas. Main parameter is a latent period (lag phase or stage of latency) – time from acoustic stimulus effect to response reaction. It might be short, long or medium and it characterizes acoustic analyzers’ functional condition. Electrocochleograthy (gives a little less information) – is a biopotentials take-off from a region of cochlea. Because registered electric potentials have low amplitude, and to get clear response of latency and objective and correct information, computer audiometry is used. It’s especially important in investigation of young children because they have no subjective response to acoustic stimuli yet. Induced electric potentials method allows one to investigate hearing function in foetus. Also it helps to diagnose such forms of hearing loss which cannot be examined by usual subjective methods. It is important to note that sometimes electric potentials could arise even in patients with complete deafness.

Other method of objective audiometry is impedometry – tympanic membrane acoustic resistance measurement (input impedance). Method allows one to define middle ear structures mobility due to stapedius muscle reflex and to a lesser degree from tympanic membrane reflex of tensor muscle. The type of impedometry is tympanometry – middle ear impedance measurement during dosed changes of external acoustic meatus pressure (important for early diagnosing of middle ear disorders in young children). 

General sensitivity investigation.

There are subjective and objective methods to investigate general sensitivity. Subjective methods are based on sensation psycho-physiological study. Sensitivity clinical investigation must be performed at warm and silent space. To concentrate on sensations perception and analysis patient has to lie down with his eyes shut. Investigation results depend on patient reaction, attention, consciousness, etc.

Objectively temperature sensitivity is examined by thermoesthesiometer, pain sensitivity is examined by algesimeter. Pain and tactile thresholds are examined by graduated bristles or hairs (Fray’s method). Tactile sensitivity defined by slight touch of small brush or cotton flock. Discriminatory sensitivity is examined by Veber’s compasses, kinesthesia – is by kinesthesiometer.

Pressure sensitivity defined by a patient’s ability to distinguish slight touch and pressure and to recognize different pressure intensities. Piesimeter (with a graduated in gram pressure intensity scale) is used for it.

Vibratory sensitivity investigated by using camertone (tuning fork 64-128 Hz). Its leg is placed on bone’s protuberances (ankles, forearm, iliac bone crest) then it sounds. Stereognostic sense is examined by a patient’s ability to recognize objects (coins, pen, key, etc.) by toching them with his eyes shut. Patient defines their shape, consistence, temperature, texture, mass and other qualities.

Control questions:

1. General characteristics of methods of clinical investigation.

2. X-ray anatomy of the brain, spinal cord, and liquor spaces.

3. Angiography, computer tomography and magnetic resonance imaging: principles and abilities to investigate the structure of the central nervous system.

4. Peripheral nervous system: investigation methods.

5. Organ of vision: investigation methods.

6. Hearing function: investigation methods.

7. Smell and taste: investigation methods.

8. General sensitivity: investigation methods.

Auxiliary tasks for self training.

Sketch a brief classification scheme of clinical investigation methods. Compile a comparative table of neurovisualization methods used for CNS structure studying. It’s recommended to include the following columns: 1) method’s name; 2) method’s principles; 3) list of CNS structures recommended for investigation by this method; 4) imaging special features.

ix. RECOMMENDED TASKS FOR INDIVIDUAL WORK OF STUDENTS 

SUBJECTS FOR LITERATURE REVIEW AND REPORTS

Central nervous system and organs of sense.

1. Onto- and phylo- genesis of nervous system. 

2. Age differences (features) of spinal cord and brain. 

3. Formation, circulation and outflow channels of liquor cerebrospinalis.  Hematoencephalic barrier. 

4. Anatomical basis of puncture of spinal cords’ subarachnoid space for cerebrospinal fluid collection.

5. Reticular formation. Its nuclei and correlations.

6. Nuclei of brainstem.

7. Hypothalamus. Its nuclei and correlations.

8. Thalamus. Its nuclei and correlations.

9. Grey matter of medulla (nuclei and their correlations).

10. Nuclei of olivary bodies (olives) and of brainstem.

11. Grey matter of pons varolii (nuclei and their correlations).

12. Grey matter of mesencephalon (nuclei and their correlations).

13. White substance of medulla. Localization of tracts.

14. White substance of pons varolii. Topographic localization of tracts.

15. White substance of mesencephalon. Topographic localization of tracts.

16. White substance of diencephalon (thalamus, hypothalamus). 

17. Morphologi and topography of nuclei basalis of telencephalon.

18. Cluster of chemergic cells of brainstem. 

19. Anatomical basis of integrative function of the brain. 

20. Extrapyramidal system and its anatomico-functional assessment. 

21. Limbic system. Morphostructure and functions.

22. General principles of structure and function of pyramidal tracts.

23. General principles of structure and function of associative and commissural tracts.

24. General principles of structure and function of extra-receptor tracts.

25. General principles of structure and function of intero-receptor tracts.

26. General principles of structure and function of proprioceptive tracts of cortical direction.

27. Functional correlations of cerebellum.

28. Neurosecretory function of hypothalamus.

29. Anatomical substratum of memory.

30. Development, mal-development and age differences (features) of organ of vision. 

31. Development, mal-development and age differences of vestibulocochlear apparatus. 

32. Anomalies of skin. Congenital malformations of mammary glands.

33. Modern theories of olfaction.

34. Modern theories of visual and auditory image formation.

35. Interpretation of functional methods of studying organs of the central nervous system (EEG, NMR, CT).

36. Anatomical basis of iridodiagnosis.

37. Clinico-anatomical basis of auriculotherapy.

Peripheral part of somatic nervous system.

1. Spinal segment. General anatomy of spinal nerves. Topographo-anatomical features of distribution of branches of spinal nerves.

2. Vasa nervorum and nervi nervorum. 

3. Conception of innervation zones and “overlapping” of innervation zones. 

4. A report about functional evaluation of several nerve trunks as a result of deprivation of their function after imaginary transaction of different trunks. 

5. A report about asymmetry of peripheral nerves and about clinical evaluation of this fact. 

6. Relation of brain cortex with nuclei of cranial nerves. 

7. Nervus vagus and its importance in the phonation function of larynx. 

8. Anatomical basis of determination of site for “punctual” massage in sports medical practice. 

9. Innervation of blood vessels. 

10. Innervation of lacrimal gland and big salivary glands. 

11. Innervation of tissues and organs of the oral cavity. 

12. Variants of innervation of the upper jaw. 

13. Variants of innervation of the lower jaw.

14. Anomalies and variants of development of the heart and big vessels.

15. Diagnostics of lesions of peripheral part of nervous system.

16. Morphological structure of carotid sinuses.

17. Sources and channels of somatic innervation of different organs (as an option).

Vegetative nervous system.

1. Development and general principles of structure of vegetative nervous system and of vegetative innervation of organs.

2. Analysis of anatomical structure of vegetative ganglia as reflex regulators of vitally important functions of human and animal organisms. 

3. Anatomical differences between fibrae preganglionares and postganglionic nervous fibers in sympathetic nervous system and parasympathetic nervous system. 

4. Intramural nerve plexus of the bowels. 

5. The concept of metasympathetic nervous system.

6. Sources and channels of vegetative innervation of different organs (as an option).

7. Sources and channels of trophic innervation and somatic innervation of different topographic regions of body.

8. Vegetative nerve plexus of the abdominal cavity.

9. Vegetative nerve plexus of the pelvis.

approximate themes of multimedia presentations (training and demonstration programs)

1. Introduction to neurology. Phylo- and onto- genesis of nervous system. Morpho-functional elements of nervous system. Its parts and units. Integrative evaluation of nervous system.

2. Spinal cord. Overall review and morpho-functional characteristics.

3. Brain. Review. Development and parts of brain.

4. Morpho-functional characteristics of brainstem and cerebellum (on the whole and in parts).

5. Morpho-functional characteristics of telencaphalon. Dynamic localization of functions in brain cortex.

6. Subcortical (basal) nuclei of cerebral hemispheres. White substance of hemispheres. Ventricles of brain. Liquor circulation.

7. Pathways of brain and spinal cord (as an option).

8. Limbic system of brain.

9. Hypophysis-epiphyseal system.

10. Reticular formation of brain.

11. Topical diagnostics of disturbances of central nervous system.

12. Functional anatomy of organs of sense. Pathways of special sensitivity.

13. Organ of vision. Development, congenital malformations. Anatomy and functions.

14. Morpho-functional characteristics of the organ of hearing and equilibrium.

15. Interpretation of clinical-anatomical methods of studying parts of the central nervous system (USE, NMR, and CT).

16. Iridodiagnostics.

17. Auriculotherapy.

18. Functional anatomy of peripheral part of somatic nervous system. Spinal and cranial nerves.

19. General anatomy of spinal nerves. Reflex arch. Cervical, brachial, lumbar and sacrococcygeal plexuses, their branches, spheres and areas of innervation.

20. Innervation of head and neck, body and extremities (as an option).

21. Cranial nerves. Cephalic parasympathetic ganglions (as an option).

22. Cranial nerves: several pars of nerves (as an option).

23. Clinical manifestation of peripheral nervous system disturbances. Tender (Head's) zones.

24. Somatic and vegetative innervation of several organs (as an option).

25. Trophic innervation, blood supply, venous and lymphatic outflow of topographical parts of human body (as an option).

26. Clinico-anatomical methods of studying the peripheral nervous system.

27. Clinico-anatomical methods of studying the peripheral organs of sense.

approximate list of anatomical museum and TRAINING NATURAL specimens and models

· Specimens of age neurology.

· Variants and anomalies of brain and spinal cord and organs of sense.

· Specimens of the evolutional anatomy of nervous system.

Anatomy of spinal cord.

· Spinal cord in open vertebral canal.

· Isolated specimens of spinal cord.

· Specimens of several segments of the spinal cord with tunics, nerve-roots and spinal nerves.

· “Cauda equina” formation.

· Variants of formation of several segments of the spinal cord.

Anatomy of brain.

· Brain in saw-cut section of skull.

· Dura mater of brain and its processes in an open skull. Venous sinuses.

· Collection of isolated specimens of brain.

· Ventricles of brain. Ventricular plexus.

· A model of channels of liquor circulation and absorption.

· Sections of brain in different plains, including:

– sagittally divided half of brain (section showing callosum commissure along brainstem);

– brainstem, cerebral hemispheres, cerebellar hemispheres;

– sagittal and horizontal sections of brainstem on the levels of all its parts;

– rhombencephalon with tegmen and bottom ventriculi quarti demonstration;

– cerebellum with its peduncles; sections of cerebellum;

– sections of cerebral hemispheres on different plains of white substance, grey matter and lateral ventricles demonstration.

· Collection of specimens with nuclei of brain fixation and stain (basal nuclei, nuclei of cerebellum, nuclei of brainstem in its parts etc.).

Organs of sense.

· Organ of vision. Eyeball and accessory apparatus on head objects.

· Isolated specimens of eyeball.

· Lacrimal gland. Channels of tear circulation.

· Bone specimens of middle and internal ear in sections of temporal bone, auditory ossicles.

· Osseal and membranous labyrinths of internal ear.

· Models of structures of middle and internal ear.

· Olfactory organ (model of sagittal section of head).

· Taste buds (on tongue).

· Skin derivatives (kit).

Cranial nerves.

· Anatomized cranial nerves on specimen of the head and on a whole corpse.

· Cranial nerves formation; variants and innervation areas.

· Cranial nerves ganglia.

Trunk vessels and nerves.

· Arteries and veins of thorax, abdominal cavity and small pelvis on corpses of various ages (accompanied by innervation apparatus).

· Arteries and veins of thorax, abdominal cavity and small pelvis separately on partitioned corpses (accompanied by innervation apparatus).

· Isolated specimens of inner organs with their nervous and vascular apparatus.

· Thoracic lymphatic duct and other large lymphatic columns and nodes on a corpse.

· Upper limb vessels and nerves on a corpse and isolated extremities.

· Lower limb vessels and nerves on a corpse and isolated extremities.

· Marginal sympathetic trunk and its branches on a corpse and on separated specimens.

· Anatomy of spinal nerves on a spine, and spinal cord sections at various levels.

· Cervical nerve plexus and its branches on a corpse.

· Brachial nerve plexus and its branches on a corpse and on parts of corpse.

· Thoracic spinal nerves on corpse specimens.

· Lumbo-sacral nerve plexus and its branches on a corpse and on parts of corpse.

· Isolated specimens of body parts innervation.

· Abdominal cavity and pelvis vegetative (autonomic) plexuses (in common and on separated body specimens).

· Lymphatic drainage on separated topographic specimens.

CLINICAL TASKS FOR MODULE 3

Central nerve system

[1]

The doctor should make a puncture of a spinal cord’s subarachnoid space for taking a  cerebrospinal fluid for research . Between what vertebrae a needle can be injected without injuring of spinal cord? 

A. Between XI and XII thoracic vertebrae.

B. Between III and IV lumbar vertebrae.

C. Between XII thoracic and I lumbar vertebrae. 

D. Between I and II lumbar vertebrae. 

E. Between IV and V thoracic vertebrae. 

[2]

The patient has meningitis. The puncture of subarachnoid space is ordered. Define between what formations is it located? 

A. Periosteum and arachnoid.

B. Dura mater and arachnoid.

C. Periosteum and dura mater.

D. Arachnoid and pia mater.

E. Dura mater and pia mater.

[3]

The patient has epidural abscess (epiduritis) - accumulation of pus in an epidural spase of spinal cord. Define the localization of pathological process.

A. Between arachnoid and pia mater.

B. Between dura mater and arachnoid. 

C. Between a periosteum and dura mater.

D. Between pia mater and spinal cord. 

E. Between dura mater and pia mater.

[4]

50 years old male patient has a damaged of V thoracic vertebra as a result of accident. What of a spinal cord’s segment can be damaged?

A. III a thoracic segment.

B. VI a thoracic segment. 

C. V a thoracic segment. 

D. IV a thoracic segment. 

E. VII a thoracic segment 

[5]

It is necessary to carry out a lumbar puncture for confirming the diagnosis of meningitis. What lumbar vertebra inferior border is a safe place for the manipulation? 

A. 4.

B. 3. 

C. 2. 

D. 5. 

E. 1. 

[6]

The hemorrhage in anterior horns of a spinal cord is diagnosed in the 65 years old patient. What are the anterior horns according to function?

A. Parasympathetic.
B. Sensory. 

C. Sympathetic. 

D. Motor. 

E. Mix.

[7]

42 years old female patient admitted to infectious department of hospital with a high body temperature.The meningeal signs are objectively expressed. A plenty of leucocytes in a liquid received from the spase between arachnoid and vascular tunics of a spinal cord is fixed. What formation was punctured? 

A. Cavum trigeminale.

B. Spatim subdurale.

C. Spatim epidurale.

D. Spatium subarachnoidale.

E. Cisterna cerebellomedullaris posterior.

[8]

that pathological process located at a level of lateral lemniscus formation is ascertain during examination of patient with acoustic disturbance. what department’s level of brain it is formed normaly ? 

A. Cervical partt of spinal cord.

B. Metencephalon (pons). 

C. Thoracic part of spinal cord. 

D. Myelencephalon. 

E. Mesencephalon. 

[9]

The patient with infringement of movements as coordination disfunction, difficulty in equilibrium keeping during standing and walking. What formations of the central nervous system defeat these signs testify most likely? 

A. About defeat of cerebrum hemispheres’cortex in area of precentral gyrus. 
B. About defeat of spinal cord’s motor nuclei.
C. About defeat of spinal cord’s white matter of anterior funiculi.
D. About defeat of cerebellum and its conducting tracts. 
E. About defeat of red nucleus of mesencephalon.
[10]

50 years old female patient is hospitalized with the closed craniocerebral trauma in occipital bone’s region. Infringement of gait and equilibrium, a tremor of hands were found during examination. What part of a brain is damaged? 

A. Spinal cord.
B. Medulla oblongata.

C. Pons.

D. Diencephalon

E. Cerebellum

[11]

The absence of a pupillary reflex as a result of overdosage of narcosis was ascertained in patient during appendectomy operation. What is the formation of a brainstem is involved in the process? 

A. Cerebellum.

B. Diencephalon.

C. Mesencephalon.

D. Medulla oblongata.

E. Metencephalon.

[12]

The patient is in a coma (infringement of consciousness and absence of purposeful reactions to anyone stimulation) is delivered to neurosurgery department. The doctor has established the dysfunction of brain cortex is caused by defeat of a neurones’ network in a brain stem supporting cortex activity. What are the structure of brain struck? 

A. Basal ganglia.

B. Nuclei of cerebellum. 

C. Reticular formation. 

D. Caudate nucleus. 

E. Nuclei of hypothalamus. 

[13]

The red nucleus syndrome (a paralysis of a third cranial nerve on the side of the pathological center, a tremor of extremities on opposite side) can be found as a result of aa. cerebri posteriores damages. What is the brain’s part of a struck?

A. Thalamus.

B. Mesencephalon.

C. Metayhalamus.

D. Epithalamus.

E. Hypothalamus.

[14]

The patient with ophthalmoplegic form of botulism has affection of mesencephalon, which displays clinically as eyes diplopia, paralysis of accommodation, ptosis, dilatation and deformation of pupils, absence of pupils’ reaction on light is observed. What mesencephalon nuclei affection leads to the clinical symptomatology? 

A. Nuclei of inferior colliculus.

B. Nuclei of superior colliculus. 

C. Red nucleus. 

D. Substantia nigra. 

E. Nuclei of oculomotor and trochlear nerve.

[15]

60 years old patient has prolonged sleep after a hemorrhage in a brain. What formation damage has resulted in this condition most probably?

A. Hippocampus.

B. Cranial nerves’ nuclei.

C. Substantia nigra.

D. Cortex of brain hemispheres.

E. Reticular formation.

[16]

The change of turkish saddle form is revealed during X-ray examination at the patient. Doctors have suspected a tumour of a pituitary gland. What part of brain the hypophysis concerns to?

A. Mesencephalon. 

B. Diencephalon. 

C. Telencephalon. 

D. Rhombencephalon. 

E. Metencephalon.

[17]

The patient with the metencephalon’s damaged brain has the hearing disorder. What are the nuclei damaged?

A. Lateral geniculate body.

B. Medial geniculate body. 

C. Red nucleus. 

D. Anterior nuclei of a hypothalamus. 

E. Posterior ventral nucleus. 

[18]

The patient has hypothalamic-pituitary symptom-complex (Babinski-Fröhlich syndrome): an adiposity in a shoulder girdle and mammary glands, disappearances of secondary sexual characters, predilection to hypothermia. What part of brain the hypothalamus belong to ? 

A. Telencephalon.

B. Mesencephalon.

C. Pons.

D. Medulla oblongata.

E. Diencephalon.

[19]

The patient has bulimia- stronger hunger sensation. Defeats of receptors to carbohydrates’ level in a blood are revealed in subthalamic region. What part of brain is struck?

A. Medulla oblongata.

B. Mesencephalon.

C. Pons.

D. Diencephalon.

E. Medulla oblongata.

[20]

The patient has malignant exophthalmos, caused by an excessive secretion of thyritropic hormon by pituitary gland. What part of a diencephalon the pituitary body belongs to? 

A. Thalamus.

B. Mesencephalon.

C. Hypothalamus.

D. Metethalamus.

E. Epithalamus.

[21]

The disturbances in a brainstem are not revealed during a computer tomography of a brain at the patient with a parkinsonism. The pathology is found out in telencephalon. Where?

A. Angular gyrus.

B. Lentiform nucleus.

C. Supramarginal gyrus

D. Uncus of the hypocampal gyrus.

E. Amygdaloid body. 

[22]

The patient who has received an industrial trauma and was arrived to neurosurgery department. During examination: the metal nail pierced squama of temporal bone and has penetrated into substance of the left temporal lobe nearer to temporal pole. What of the basal nucleus is damaged?

A. Lentiform nucleus.

B. Caudate nucleus.

C. Amygdaloid body.

D. Claustrum.

E. Pallidum.

[23]

A chorea is diagnosed in the patient. Occurrence of the accompanying and compelled movements takes place at this disease . What are the structures of a brain thus involved?

A. Substantia nigra et corpus striatum.

B. Pulvinar thalamicus.

C. Fasciculus longitudinalis medialis.

D. Fasciculus longitudinalis posterior.

E. Nucleus ruber. 

[24]

The damage of striopallidar system has resulted to development of an athetosis (rhythmic movements of extremities). What are damaged nucleus?

A. Anterior nucleus of a hypothalamus.

B. Medial geniculate body. 

C. Lateral geniculate body. 

D. Corpus striatum. 

E. Posterior nucleus of a hypothalamus. 

[25]

The patient is suffering the atherosclerosis of brain’s vessels has a hemorrhage in the right hemisphere. Thus associative fibers bridging a cortex of a frontal pole with an anterior part of a temporal lobe have suffered. What is the fascicle.

A. Inferior longitudinal fascicle.

B. Superior longitudinal fascicle.

C. Uncinate fascicle.

D. Arcuate fibers.

E. Cingulum.

[26]

87 years old patient the patient has a hemorrhage in the left hemisphere of a brain, as a result the associative fibers bridging a cortex of a frontal lobe with parietal and occipital have been damaged. Name the fascicle.

A. Cingulum.

B. Inferior longitudinal fascicle.

C. Uncinate fascicle.

D. Arcuate fibers.

E. Superior longitudinal fascicle.

[27]

92 years old patient has vascular tumor of the right hemisphere brain which squeezed associative fibers of the white matter connecting a cortex of temporal and occipital lobes. Name these fibers.

A. Superior longitudinal fascicle

B. Inferior longitudinal fascicle.

C. Uncinate fascicle.

D. Arcuate fibers.

E. Cingulum.

[28]

The corpus callosum was cut out for surgical treatment of epilepsy. What fibers were cut out?

A. Projection.

B. Associative.

C. Commissural.

D. Pyramidal.

E. Extrapyramidal.

[29]

The loss of sight was observed after a head trauma in occipital regione. What has found during examination? 

A. Pathologic process is located in a parietal lobe of a brain.

B. Pathologic process is located in a medial geniculate body. 

C. Pathologic process is located in a cerebellum. 

D. Pathologic process is located in medulla oblongata. 

E. Pathologic process is located in cortical end of the visual analyzer (area of calcarine sulcus). 

[30]

The patient has lost ability to write the letters and digits after infringement of a cerebral blood supply. What lobe of a brain there was pathology in? 

A. Insula. 

B. Parietal lobe. 

C. Occipital lobe. 

D. Frontal lobe. 

E. Temporal lobe. 

[31]

The patient there has a unilateral paralysis of the left inferior extremity. What place of a brain cortex the pathological center was located in? 

A. The postcentral gyrus. 

B. The right precentral gyrus. 

C. The left precentral gyrus. 

D. The middle temporal gyrus. 

E. The superior parietal lobule. 

[32]

The patient has infringement of superficial and deep sensitivity on circumscribed sites of a body. What gyrus defeat of was diagnosed by the doctor?

A. Precentral gyrus. 

B. Postcentral gyrus. 

C. Superior temporal gyrus. 

D. Middle temporal gyrus. 

E. Gyrus fornicatus. 

[33]

The patient has a hemorrhage in a postcentral gyrus. What kind of sensitivity infringement at the opposite body side it will result to?

A. Olfactory and gustatory.

B. Skin and proprioceptive.

C. Auditory and visual.

D. Auditory.

E. Visual.

[34]

The patient has lost ability to distinctly say the words after a brain injuries. What place of a hemispheres’ cortex was a defeat in? 

A. Occipital lobe. 

B. Parietal lobe. 

C. Temporal lobe. 

D. Frontal lobe. 

E. Insula. 

[35]

35 years old patient has sharp hearing impairment after transferred meningocephalitis. A pathology of sound-conducting and sound-perceiving apparatus was excluded after clinical examination. What gyrus of cerebral cortex the pathological changes in?

A. Superior temporal 

B. Middle temporal 

C. Superior frontal 

D. Supramarginal 

E. Angular

[36]

The patient has paralysis of left upper and lower extremities’ muscles. What gyruses of the cerebral hemispheres is struck?

A. Postcentral.

B. Middle frontal.

C. Inferior frontal.

D. Superior frontal.

E. Precentral.

[37]
The patient does not understand sense of words, and own language (verbal deafness). What gyruses of the cerebral hemispheres is struck?

A. Postcentral.

B. Inferior frontal.

C. Superior temporal.

D. Superior parietal lobule.

E. Inferior parietal lobule.

[38]
The patient with complaints to impossibility of subjects recognize by touch has come to the neuropathologist. Where is the nucleus of stereognosis analyzer localized? 

A. In a cortex of middle frontal gyrus.

B. In a cortex of the superior temporal gyrus.

C. In a cortex superior parietal lobule.

D. In a cortex of occipital lobe.

E. In a cortex of inferior parietal lobule.

[39]

The patient has the signs of sensory aphasia that is the patient hears sounds but has lost ability to understand words. Where is there a pathological center in a brain? 

A. In a frontal lobe. 

B. In a temporal lobe. 

C. In an occipital lobe. 

D. In a parietal lobe. 

E. In an insula. 

[40]

The 82 years old patient complains to loss of gustatory sensitivity. The clinical examination has established cortical localization of pathological process. Where is it exactly?

A. Angular gyrus and hippocampal gyrus.

B. Uncus and a hippocampus.

C. Inferior frontal gyrus and a subcallosal area.

D. Uncus and the inferior part of precentral gyrus.

E. Subcallosal area and cingulate gyrus.

[41]

The pathologist carried out the autopsy of 85years old male patient died after long infringement of cerebral circulation. A hemorrhage in the region of a cortex between calcarine and parietooccipital sulcuses was found during brain research. What is the name of the cortex area? 

A. Uncus.

B. Precuneus.

C. Cingulum.

D. Paracentral lobule.

E. Cuneus

[42]
The patient has ceased to recognize the persons of relatives after serious closed craniocerebral trauma. what cortical center is damaged? 

A. Cortex above to calcarine sulcus. 

B. Cortex of supramarginal gyrus. 

C. Cortex of superior temporal gyrus. 

D. Cortex of precentral gyrus. 

E. Cortex of postcentral gyrus 

[43]
The patient with complaints to loss of an opportunity to write the words has consulted to doctor. The diagnosis of a written aphasia was put. What cortical analyzers’ infringement is there about? 

A. Cortical center of the sensitive analyzer.

B. Cortical center of a motor analyzer of written speech. 

C. Cortical center of a motor analyzer of spoken speech. 

D. Cortical center of a motor analyzer. 

E. Cortical center of the visual analyzer. 

[44]

The patient loss of an opportunity to carry out the complex coordinated movements (apraxia) known up to craniocerebral trauma. What region of hemispheres’ cortex the corresponding center is localized in? 

A. Gyrus parahipocampalis.

B. Gyrus angularis. 

C. Gyrus paracentralis. 

D. Gyrus lingualis.

E. Gyrus supramarginalis. 

[45]

The 48 years old patient loss the function conjugate turn of a head and eyeglobes in the opposite sides after a craniocerebral trauma. What region of cerebral cortex the center (nucleus) corresponding to this function is localized in? 

A. Frontal pole.

B. Posterior part of superior frontal gyrus. 

C. Posterior part of middle frontal gyrus. 

D. Angular gyrus. 

E. Inferior parietal lobule. 

[46]

The 39 years old patient loss an opportunity to make logic and intelligent sentence from separate words (agrammatism) after a craniocerebral trauma. What place of hemispheres’ cortex the center corresponding to this function is localized in? 

A. Orbital part.

B. Anterior part of superior frontal gyrus. 

C. Posterior part of superior frontal gyrus. 

D. Central part of inferior frontal gyrus. 

E. Frontal pole. 

[47]

The 59 years old patient worked the teacher of musical school, loss an opportunity for perception of music composition which represent a set of only various hums and sounds (musical deafness) after a craniocerebral trauma. What place of hemispheres’ cortex the center corresponding to this function is localized in?

A. Angular gyrus.

B. Inferior parietal lobule. 

C. Supramarginal gyrus. 

D. Parietal gyrus. 

E. Middle third of superior temporal gyrus. 

[48]

The 38 years old patient loss an opportunity to carry out the complex combined movements (apraxia) after a craniocerebral trauma. What place of hemispheres’ cortex the center corresponding to this function is localized in?

A. Inferior parietal lobule. 

B. Posterior part of superior frontal gyrus. 

C. Frontal pole. 

D. Paracentral lobule. 

E. Posterior part of middle frontal gyrus. 

[49]

The 39 years old patient has the infringement of motor centers which adjust activity of facial muscles of the person is observed after a craniocerebral trauma. What place of hemispheres’ cortex the center corresponding to this function is localized in?

A. Superior part of precentral gyrus.

B. Inferior part of precentral gyrus.

C. Supramarginal gyrus. 

D. Superior parietal lobule. 

E. Angular gyrus. 

[50]

The patient has a motor aphasia. Where is the defeat of nervous system located? 

A. Superior temporal gyrus.

B. Hypoglossal nerve. 

C. Inferior frontal gyrus. 

D. Middle frontal gyrus. 

E. Angular gyrus. 

[51]

The patient has an ataxy nutation of a body at standing is observed because of damage of a nucleus of the analyzer of head positions and movements (the static analyzer). What place of brain cortex the damage is located in? 

A. Gyrus parietalis superior.

B. Gyrus trontalis superior.

C. Gyrus temporalis superior.

D. Gyrus temporalis medialis et inferior.

E. Gyrus supramarginalis.

[52]

The perception of the visual information is broken in the person after damages of a brain. What place of cerebral cortex was the damage in?

A. Postcentral gyrus.

B. Parietal area of a cortex.

C. Temporal area of a cortex. 

D. Precentral gyrus. 

E. Occipital area of a cortex. 

[53]

The perception of the sound information is broken in the person after damages of a brain. What place of cerebral cortex was the damage in?

A. Parietal lobe of a cortex.

B. Temporal lobe of a cortex. 

C. Occipital a lobe of a cortex. 

D. Precentral gyrus.

E. Postcentral gyrus.

[54]

The brain injury has resulted to infringement of motor speech function. What place of cerebral cortex was the damage in?

A. Superior frontal gyrus. 

B. Superior temporal gyrus. 

C. Middle temporal gyrus. 

D. Supramarginal gyrus. 

E. Precentral gyrus. 

[55]

The tumors in white substance of cerebral hemisphere located in the genu and anterior part of posterior crus of internal capsule is revealed in the patient. What conducting tract fibers were destroyed? 

A. Tr. parietooccipisuperiorontinus.

B. Tr. frontothalamicus.

C. Tr. thalamocorticalis.

D. Tr. fronsuperiorontinus.

E. Tr. pyramidalis.

[56]

The 33 years old patient has disturbances of pain and temperature sensitivity after a spinal trauma. What conducting tract fibers were destroyed?

A. Spinothalamic.

B. Anterior spinocerebellar tract.

C. Lateral spinocortical.

D. Medial spinocortical.

E. Posterior spinocerebellar 

[57]

The pain and temperature sensitivity in the left half of trunk is absent at the after a trauma. What conducting tract damage can cause this phenomenon? 

A. Tr. spino-thalamicus anterior on the right.

B. Tr. spino-thalamicus lateralis at the left.

C. Tr. spino-thalamicua lateralis on the right.

D. Tr. spino-thalamicus anterior at the left.

F. Fascicles Gaulle and Burdach's at the left.

[58]

The victim with damage of a spine is delivered to hospital after an industrial trauma. The damage of posterior funiculus of spinal cord at a level of 1-st thoracic vertebra is revealed. What conducting tracts have suffered thus? 

A. Pain and temperature sensitivity.

B. Corticospinal. 

C. Spinocerebellar

D. Tactile and proprioceptive sensitivity.

E. Extrapyramidal

[59]

The posterior funiculi of white matter of a spinal cord have been damaged as a result of knife wound in the victim. What neurologic infringements can be observed in this case? 

A. Infringements of pain and a thermoesthesia.

B. Infringements of proprioceptive, tactile sensitivity and stereognosis.

C. Infringements of touch and pressure sensitivity.

D. Infringements of conscious movements.

E. Infringements of unconscious movements.

[60]

The pathological process is located at a level of white matter of a spinal cord was found during clinical examination of the patient with infringement of muscular - articulate sensitivity. Where does the conducting tract of proprioceptive sensitivity in cortical directions pass? 

A. Posterior funiculus of spinal cord. 

B. Anterior funiculus of spinal cord. 

C. Lateral funiculus of spinal cord. 

D. Clarke's column of  spinal cord. 

E. The region around of the central canal. 

[61]

The 30 years old male patient with knife wound in lower thoracic region of the spine has arrived to neurosurgical department. the edge of a knife has passed between spinos processes of 10 and 11 thoracic vertebrae and has damaged posterior funiculi of spinal cord. What conducting tracts’ fibers have been damaged in this case? 

A. Fasciculus cuneatus and gracilis. 

B. Anterior corticospinal tract. 

C. Spino-thalamic tract. 

D. Posterior spino-cerebellar tract. 

E. Anterior spino-cerebellar tract.

[62]

An injury of spinal cord as a result of road accident has resulted to loss of tactile sensitivity, sense of body position and vibration. What conducting tracts are damaged? 

A. Goll's and Burdach's fascicles. 

B. Flechsig's and Gowers' tracts. 

C. Rubrospinal tract. 

D. Reticulospinal tract. 

E. Tectospinal tract.

[63]

The pyramids of an medulla oblongata are damaged in the patient with a tumour. What conducting tracts carrying out of nervous impulses will be disturbed in?

A. Tr. corticopontinus.

B. Tr. corticonuclearis.

C. Tr. corticospinalis.

D. Tr. dentatorubralis.

E. Tr. spinocerebellaris.

[64]

The doctor finds out a horizontal nystagmus in the young man of military age. What associative conducting tracts of a brain connecting the vestibular apparatus with motor nuclei of cranial nerves? 

A. Tractus celebellaris anterior.

B. Lemniscus medialis.

C. Lemniscus lateralis.

D. Tractus bulbuthalamicus.

E. Fasciculus longitudinalis medialis.

[65]

In the patient with local defeat of a brainstem (it is observed at neurosyphilis) the conducting tracts of crus cerebri are damaged. What is the conducting tracts forming decussatio tegmenti dorsalis?

A. Tr. tectospinalis.

B. Tr. rubrospinalis.

C. Tr. corticospinalis anterior.

D. Tr. corticospinalis lateralis.

E. Tr. сorticonuclearis.

[66]

The isolated movements of one eyeglobe do not exist. Both eyes always take part in any reflex movements. What are the conducting tracts  providing compounded movement of both eyeglobes (look)? 

A. Fasciculus longitudinalis medialis.

B. Lemniscus medialis.

C. Tractus tectospinalis.

D. Lemniscus lateralis.

E. Formacio reticularis mesencephali.

[67]

The diagnosis of Sjögren syndrome (“dry syndrome”) is put on to 50 years old patient. At the patient failure of all glands external secretion - failure of lacrimation (keratitis), salivations, anacid gastritis, xerodermia because of an atrophy of sweat and sebaceous glands, polyarthritis. The reason of the disease is not found out. The pathology of a hypothalamus is possible. What is the conducting tract binds a hypothalamus to vegetative nucleus of brainstem and spinal cord? 

A. Fasciculus longitodinalis anteriores.

B. Fasciculus longitudinalis dorsalis.

C. Tractus thalamo-corticalis.

D. Tractus thalamo-spinalis.

E. Tractus mamillo-thalamicus.

[68]

The 32 years old patient is hospitalized with suspicion on a meningitis. For confirmation of the diagnosis it is necessary to carry out a spinal puncture in a lumbar department. From what cistern in the department the extraction of  cerebrospinal fluid is possible? 

A. Terminal.

B. Arcuate.

C. Interpeduncular.

D. Cerebellopontine

E. Lateral.

[69]

The patient has arrived to neurosurgical department with a trauma of occipital region of a head which was received because of falling from a ladder. It was necessary to cut out the part of dura mater separating occipital lobes from hemispheres from posterior cranial fossa during operation. What was the anatomic formation cut out by doctor? 

A. Falx of cerebellum.

B. Tentorium of cerebellum.

C. Falx cerebri.

D. Diaphragma sellae.

E. Septum pellucidum.

[70]

Appreciable expanded lateral and the third ventricles are revealed in the patient during brain MRI examination. The doctor diagnosed blockade of liquor pathways. Define a level of an occlusion.

A. Aqueduct of cerebrum. 

B. Interventricular foramen. 

C. Median aperture of fourth ventricle. 

D. Lateral aperture of fourth ventricle. 

E. Arachnoidal [pacchionian] granulations. 

[71]

The increased pressure of a cerebrospinal fluid in a right lateral ventricle of a brain is revealed in the male the patient after the inflammation of a brain (encephalitis). What the phenomenon can be connected with? 

A. Closure of right interventricular [Monro's] foramen. 

B. Closure of left interventricular foramen. 

C. Closure the central canal of a spinal cord. 

D. Closure of aqueduct of cerebrum. 

E. Closure of Magendie's and Luschka foramen of IV ventricle. 

[72]

The patient has a hydrocephalus an edema of a brain. The expansion of lateral ventricles is observed during МRI. The third ventricle is not expanded. What apertures’ level the occlusion of cerebrospinal fluid circulation has taken place? 

A. Interventricular [Monro's] foramen 

B. Median aperture of a roof of IV ventricle Magendie's. 

C. Right lateral aperture of a roof of IV ventricle (Luschka). 

D. Left lateral aperture of a roof of IV ventricle (Luschka). 

E. Aqueduct of cerebrum. 

[73]

Patient complaints to pain in lumbar region. The doctor found out morbidity in paravertebral points and make a diagnosis: the lumbar radiculitis. Where most likely was there a compression of spinal roots?

A. In vertebral canal.

B. In intervertebral foramens of a lumbar department of vertebral colon.*

C. In nutrition foramens of lumbar vertebrae.

D. In foramens of transverse processes of cervical vertebrae.

E. In matter of lumbar segments of a spinal cord.

[74]

During diving in water a vertebral column has been injured and there has come paralysis of the upper and lower limbs. What department of vertebral column and spinal cord most likely has been injured?

A. A cervical department.
B. A thoracic department.

C. A lumbar department.

D. A sacral department.

E. Lumbar and sacral departments.

[75]

The patient with injury of the base of skull in the region of clivus has arrived to clinic. The intensive care is appointed with the purpose of the prevention of intensive edema and compression of a part of a brain in which are located the respiratory and vasomotor centers. Where they are located?

A. In mesencephalon.

B. In pons.

C. In cerebellum.

D. In medulla oblongata.
E. In all brainstem.

[76]

The diagnosis "polymyelitis" is determimed in a child. Disease is accompanied by impairment of function of locomotive apparatus. What formations destruction can course to  these impairment?

A. Motor neurones of a spinal cord.

B. Reticular formation.

C. Neurons of grey matter of posterior horns of a spinal cord.

D. The neurons of grey matter of lateral horns of a spinal cord.

E. White substance of a spinal cord.

[77]

The patient has ceased to feel a pain from a needle at injections after a hemorrhage. What defeat of nervous frames can be assumed?

A. Nucleus of thalamus.

B. Medial geniculate bodies.

C. Lateral geniculate bodies.

D. Red nucleus.

E. Basal nuclei of cerebral hemispheres.

[78]

Between what vertebral processes the lumbar puncture in adults is made?

A. L1-L2.

B. L2-L3.

C. L3-L4

D. L4-L5.

E. L5-S1.

[79]

At the patient after a trauma of a spinal cord there has appeared loss of deep sensitivity and movements in the right lower limb. What part of a spinal cord the injury is located?

A. In formations of a forward half of spinal cord.

B. In formations of posterior half of spinal cord.

C. In formations of the left half of spinal cord.

D. In formations of the right half of spinal cord.

E. A complete transversal break of a spinal cord.

[80]

At the patient (right-handed person) ability of the thin movements necessary for writing letters, words and other marks is lost (agraphia). What region of the cerebral cortex is injured?

A. Middle part of precentral gyrus in the left hemisphere.

B. Posterior part of  middle  frontal gyrus in the left hemisphere.*

C. Posterior part of an middle frontal gyrus in a right hemisphere.

D. Middle part of precentral gyrus in the right hemisphere.

E. Posterior part of the superior frontal gyrus in a right hemisphere.

[81]

The victim is delivered to hospital after a trauma of vertebral column. Injury of the posterior funiculi of a spinal cord at a level of the first thoracic vertebra is revealed. What conducting tracts are damaged?

A. Pain and a thermoesthesia.

B. Cortico-spinal.

C. Spino-serebellar.

D. Tactile and proprioceptive sensitivity.*

E. Extrapyramidal.

[82]

The 36-years patient had paralysis of muscles of right extremities after a trauma, loss pain and temperature sensitivity at the left, partial drop of tactile sensitivity on both sides. What part of CNS destruction the specified changes are the most typical for?

A. The right half of spinal cord.

B. Posterior columns of grey substance of a spinal cord.

C. Motor zone of frontal lobe of a brain at the left.

D. The left half of spinal cord.

E. Anterior columns of grey matter of spinal cord.

[83]

The patient after trauma of a head hears a speech, understands it, but cannot correctly name an object. What gyrus is damaged?

A. Superior frontal gyrus.

B. Inferior frontal gyrus.*

C. Anterior frontal gyrus.

D. Middle frontal gyrus.

E. Middle temporal gyrus.

[84]

The patient working as the mechanic, unexpected has lost ability to use instruments during work. In what site of lobe of a brain there was a center of injury?

A. In angular gyrus.

B. In superior temporal gyrus.

C. In superior parietal lobule.

D. In supramarginal gyrus.*

E. In occipital lobe.

[85]

The patient has suddenly lost ability to read the text: sees letters, but not able to make of them words. In what lobe of a brain the injury is located.

A. In middle temporal gyrus.

B. In anglular gyrus.*

C. In supramarginal gyrus.

D. In superior parietal lobule.

E. In occipital lobe.

[86]

The lose of tactile sensitivity is revealed during medical examination of the patient with traumatic damage of cerebral hemispheres. What region of cerebral cortex has been damaged? 

A. Frontal lobe.

B. Occipital lobe.

C. Parietal lobe.

D. Precentral gyrus.

E. Postcentral gyrus.
[87]

A cerebellar ataxy loss of body  equilibrium  is observed in a patient after poisoning with unknown pesticide. What of a cerebellum nucleus is damaged in this case?

A. Nucleus fastigii.

B. Nucleus emboliformis.

C. Nucleus dentatus.

D. Nucleus globosus.

E. All nuclei.

[88]

The involuntary movements, derangement of the trunk muscles’ tonus were developed in the patient after the long chronic disease of brain. What conductive tract is damaged?  

A. Tractus rubrospinalis.

B. Tractus corticospinalis.

C. Tractus corticonuclearis.

D. Tractus olivospinalis.

E. Tractus tectospinalis

[89]

Patient М., 41 year, has got in infectious department of hospital with a high body temperature. Meningeal signs are objectively expressed. A leucocytes in a liquid which is received between arachnoid and vascular meniges of a spinal cord is fixed. What was punctuated?  

A. Spatium subarachnoidаle  *

B. Spatium subdurale  

C. Spatium epidurale  

D. Cavum trigeminale  

E. Cisterna cerebellomedullaris posterior  

[90]

Patient H., 68 years, has got in infectious department with meningeal signs after a mite’s sting. The spinal puncture between ІІІ-ІV lumbar vertebrae has been carried out for confirmation of the diagnosis. What anatomic formations there will pass an aspirating needle before liguor will appear?   

A. Skin, subcutaneous adipose tissue, lig. flavum, spatium epiduralis, dura mater, spatium subdurale, arachnoideа spinalis, spatium subarachnoideale  

B. Skin, subcutaneous adipose tissue, lig. flavum, dura mater, spatium subdurale  

C. Skin, subcutaneous adipose tissue, dura mater spinalis, pia mater spinalis, spatium subarachnoideale  

D. Skin, subcutaneous adipose tissue, lig.supraspinale, lig. longitudinale anterior, dura mater spinale, spatium epidurale  

E. Skin, subcutaneous adipose tissue, spatium epidurale, spatium subarachnoideale  

[91]

The hematoma was formed in patient М., 62 years old in a site of gyrus angularis. Patient cannot read and understand written (alexia), but visual function is not broken. What nucleus of the analyzer has been injured?  

A. Nucleus of the visual analyzer of written speech

B. Nucleus of a motor analyzer of written speech  

C. Nucleus of an acoustic analyzer of oral speech  

D. Nucleus of the visual analyzer  

E. Nucleus of a motor analyzer of oral speech

[92]

The patient has complete demyelination of ascending tracts’ conductors. What kind of sensitivity will be kept under these conditions?

A. Thermoesthesia.  

B. Vibratory sensitivity.  

C. Sensation of pressure.  

D. Proprioception.  

E. Vision.  

[93]

The patient has vegetative disturbances of sleep, thermoregulation ,all kinds of metabolism and diabetes insipidus developed because of tumor growth in a cavity of III ventricle of  brain. What part of a brain nuclei irritation has caused these signs?  

A. Hypothalamus  *

B. Cerebral peduncles

C. Mesencephalon  

D. Pons

E. Medulla oblongata

[94]

The expansion of third ventricle of a brain is marked in the patient. What structure takes part in formation of its anterior wall?  

A. Lamina terminalis  

B. Septum pellucidum  

C. Corpus fornicis  

D. Pedunculi fornicis  

E. Stria medullaris  

[95]

The absence of voluntary movements of trunk’s muscles on the right side is observed in the patient of 68 years old after a stroke (hemorrhage in a brain). Additional inspection with the help of a Magnetic resonance Imaging (MRI) has shown, that the hematoma is at the left in a posterior cruse of an internal capsule near to a knee. What conducting tract is damaged at the patient?

A. Tr. cortico-fronto-pontinus

B. Tr. cortico-nuclearis corticalis thalamicus

C. Tr. thalamo-corticalis

D. Tr. cortico-thalamicus

E. Tr. cortico-spinalis*

[96]

At the patient after the transferred meningoencephalitis attributes of hydrocephaly of a brain (accumulation of a spinal fluid in ventricles of a brain) have appeared. What could cause this phenomenon?

A. Obturation of apertures of IV ventricle*

B. Obturation of interventricular foramen at the left

C. Obturation of interventricular foramen at the right

D. Obturation of  cerebral aquiduct

E. Obturation of the central canal of a spinal cord

[97]

As the result of stroke (hemorrhages in a brain) at the patient are absent voluntary movements of muscles of a head and a neck. Inspection of a brain with the help of a MRI has shown, that the hematoma is at the genu of an internal capsule. What conducting tract is injured at the patient?

A. Tr. cortico-fronto-pontinus

B. Tr. cortico-spinalis

C. Тr. cortico-thalamicus

D. Tr. cortico-nuclearis

E. Tr. thalamo-corticalis

[98]

The droping of all kinds of sensitivity on the right half of trunk is revealed in the 60 years old male patient during preclinical research. Additional inspection with the help of MRI has found out a small tumour of a brain which is localized in a posterior cruse of an internal capsule at the left. What conducting tract is injuerd?

A. Visual tract

B. Tr. cortico-spinalis

C. Tr. сortico-nuclearis

D. Vcoustic tract

E. Tr. spino-thalamicus

[99]

At the test of a pupillary reflex at the patient retardation of reaction to light of the left eye is observed. Function of what  vegetative nucleus is mentioned?

A. Parasympathetic nucleus of CN III (Yakubovich's nucleus).

B. Nucleus of trochlear nerve.

C. Red nucleus.

D. Nucleus of superior coliculi of lamina qudrigemina.

E. Nucleus of inferior coliculi of lamina qudrigemina.

[100]

As a result of a craniocerebral trauma at the patient the pathological defect connecting the right and left lateral ventricles was formed. Damage of what anatomic structure of a brain has most likely resulted in such condition?

A. Septum pellucidum

B. A falx cerebri

C. Anterior cerebral comissure

D. Posterior cerebral comissure

E. A corpus callosum

[101]
Anatomy teacher demonstrated to students of cerebral hemispheres and explained a relief of cortex. One of students has asked to name a site of lobe that is posed between cingular sulcus and a parietooccipital sulcus. How is this part named?

A. Precuneus

B. Cuneus

C. Insula

D. Cingulum

E. Uncus

[102]

Patient has ceased to understand spoken speech after the hemorrhagic insult. Where the pathological center is localized?

A. A medial surface of the superior temporal gyrus.

B. Posterior parts of the superior temporal gyrus.

C. Posterior parts of the middle temporal gyrus.

D. Superior parietal lobule.

E. Posterior parts of the inferior frontal gyrus.

[103]

Dilation of I-III ventricles in patient with brain tumour was revealed after special X-ray examination. Specify the most probable localization of a tumour.

A. Telencephalon.

B. Mesencephalon.

C. Medulla oblongata.

D. Pons.

E. Cerebellum.

Peripheral nerves and vegetative nerve system

[1]
The patient with chronic diseas of liver has a positive phrenic symptom. What muscle a diaphragmatic nerve has been compressed to for verification of the symptom? 

A. To the middle scalene muscle. 

B. To the subclavian muscle.

C. To the posterior scalene muscle.

D. To the sternocleidomastoid muscle.

E. To the anterior scalene muscle.

[2]
The impossibility to hand pronation is exposed in the female patient with cutting wound in the left axillary region. Tendons and fibres of muscles of forearm are safe. What nerve is damaged at this victim? 

A. N. ulnaris. 

B. N. radialis.

C. N. medianus. 

D. N. cutaneus brachii medialis. 

E. N. cutaneus antebrachii medialis.

[3]

The damage of posterior fascicles of brachial plexus is exposed during the revision of knife wound in axillary region. What muscles group functions will be broken at the upper limb?

A. Anterior group of forearm muscles. 

B. Muscles of posterior group of forearm.

C. Muscles of thenar. 

D. Muscles of hypothenar 

E. Anterior group of shoulder muscles

[4]

The patient has infringement of function of lateral group flexor muscles after a trauma of a forearm. What nerve is damaged? 

A. N. ulnaris.

B. N. Radialis.

C. N. musculucutaneus.

D. N. cutaneus antebrachii.

E. N. medianus.

[5]

The victim with the open fracture of a humerus and strong bleeding and damage of the vessel which passes together with n. axillaries through foramen quadrilaterum has arrived to traumatology department. What is the vesse?

A. A. brachialis.

B. A. Circum flexa humeri anterior.

C. A. Profunda brachii.

D. A. Circumflexa scapulae.

E. A. Circumflexa humeri posterior.

[6]

The impossibility of an extension in ulnar and radiocarpal joints (“ a hanging hand ”) infringement of skin sensitivity of a posterior surface of a arm and a forearm was found during medical examination by neuropathologist. What nerve is inflamed?

A. Ulnar.

B. Median.

C. Musculocutaneous.

D. Radial.

E. Axillary.

[7]

The patient has “monkey hand”. What nerve is struck?

A. Median.

B. Musculocutaneous.

C. Radial.

D. Axillary.

E. Ulnar.

[8]

The patient has femoral nerves’ neuritis. What movement cannot be carried out?

A. Plantar flexion of foot.

B. Flexion of a knee joint.

C. Dorsal  flexion of foot.

D. Extension of a knee joint.

E. Pronation of foot.

[9]

The patient with a neuritis of a femoral nerve the flexion of a hip and an extension of lower leg in a knee joint is broken. What muscle function is broken?

A. Musculus quadriceps femoris.

B. Semitendinous muscle.

C. Triceps femoris muscles.

D. Semimembranosus muscle.

E. Musculus biceps femoris.

[10]

The skin sensitivity is absent in the inferio-medial part of a thigh, impossibility of abduction of right lower extremity to the midline after a trauma of a pelvis (fracture of pelvic bones on the right after running-down accident). What nerve is injured?

A. N. ischiadicus.

B. N. emoralis.

C. N. obturatorius.

D. N. genitofemoralis.

E. N. ilioinguinalis.

[11]

The victim with a deep stab wound on external surface right lower leg has arrived to clinic. The impossibility of active extension the foot is revealed during clinical examination. Tendons and fibers of extensors muscles are intact. What nerve is damaged in the victim? 

A. N. peroneus superficialis.

B. N. peroneus communis.

C. N. peroneus longus.

D. N. peroneus brevis.

E. N. peroneus profundus.

[12]

The infringements of skin sensitivity on a posterior surface of lower leg are revealed in a patient. What nerve damages this infringement is connected?

A. Posterior cutaneous nerve of thigh. 

B. Femoral nerve. 

C. Sciatic nerve. 

D. Obturator nerve. 

E. Inferior gluteal nerve,. 

[13]

The youth complains of impossibility to lift a right leg, not having hooked a floor after a knife wound of an external surface of a right knee joint below to the head of fibula. During examination: foot hangs down, are flexed, the dorsal flexion is impossible. The patient start make a step from toes ends, then lateral edge of the foot and then a sole. Infringements of sensitivity on lateral surfaces of lower leg and foot are revealed. What nerve is damaged? 

A. N. peroneus communis.

B. N. tibialis.

C. N. cutaneus surae lateralis.

D. N. peroneus superficialis. 

E. N. peroneus profundus.

[14]

Diagnosis of tibial nerve neuritis is put to patient. What of the listed functions will be broken?

A. Dorsal flexion of the foot.

B. Extension in a knee joint.

C. Flexion in a knee joint.

D. Plantar flexion of foot.

E. Extension of toes.

[15]

The diagnosis of common fibular nerve neuritis is put to patient. What of the listed functions will be broken?

A. Plantar  flexion of foot.

B. Dorsal flexion of foot.

C. Extension in a knee joint.

D. Flexion in a knee joint.

E. Extension of toes.

[16]

The palpations around of anal foramen and an external sphincter of a rectum is painful in the patient. What nerve is damaged?

A. N. pudendus.

B. N. ischiadicus.

C. N. femoralis.

D.N. tibialis.

E. N. obturatorius.

[17]

The victim with broken function of extension in a hip joint is delivered to the traumatology department. What nerve is struck at the victim most likely?

A. Sciatic. 

B. Obturator. 

C. Pudendal. 

D. Superior gluteal. 

E. Femoral.

[18]

In patient the right superior ganglion of sympathetic trunk was involved in tumoral process. What symptom will be observed?

A. Accommodation disorder at the left

B. A paralysis of a medial rectus muscle of the right eyeball.

C. Mydriasis (dilation of pupil) at the right.

D. Constriction the right pupil.

E. Disorder of a lacrimation at the right.

[19]

Patient has dilation of a palpebral fissure right side, an anisocoria (pupils of unequal width - right are wider) is observed. Damage of what part of vegetative nervous system can give such symptoms?

A. Perlea’s nucleus.

B. Dorsal vagal nucleus.

C. Cervical segments of a spinal cord.

D. Cervical sympathetic ganglions. 

E. Yakubovich's nucleus.

[20]

The difficulty of pronation, weakening of a palmar flexion of a hand and derangement of skin sensitivity of 1-3 fingers on a palm is observed at the patient after a trauma of an anterior surface of the upper third of forearm. What nerve is damaged?

A. N. cutaneus antebrachii medialis.

B. N. musculocutaneus.

C. N. medianus.

D. N. radialis.

E. N. ulnaris.

[21]

The patient has gone to doctor with complaints to an anesthesia of a skin in the lower third of posterior surface of arm, forearm and dorsum of the hand and I, II, III fingers. What nerve cutaneous branches are affected?

A. Radial.

B. Ulnar.

C. Musculocutaneus.

D. Medianus.

E. Lateral cutaneous nerve of a forearm.

[22]

The patient complains to sharp weakening of flexion the forearm, and impossible flexion in a position of supination after the blunt trauma of a brachium. Besides the absence of cutaneous sensitivity on a anterolateral surface of a forearm is detected. What nerve damage can give such symptomatology.

A. Radial.

B. Musculocutaneus.

C. Ulnar.

D. Median.

E. Axillary.

[23]

Disorder of cutaneous sensitivity on a anterior surface of a thigh and a medial surface of lower leg is detected at the patient after a trauma of a thigh. The active extension of a leg in a knee joint is absolutely impossible. The looseness of patella was appeared. What nerve damage is possible?

A. Femoral.

B. Obturator.

C. Sciatic.
D. Superior gluteal.

E. Inferior gluteal.

[24]

The absence of cutaneous sensitivity in posterolateral and posteromedial areas of lower leg and dorsal and plantar surface of the foot is detected at the patient with the cut wound of a leg. Specify a place of possible nervous trunks’ damage.

A. Popliteal fossa.
B. Below to patella.
C. Above to ankle joint.
D. Middle third of lower leg in front.
E. Lower third of lower leg behind.

[25]

The patient complains to disorder of sensitivity of skin in a medial part of a dorsal and palmar surface of a hand. What nerve is damaged? 

А. N. radialis  

B. N. medianus  

C. N. musculocutaneus  

D. N. cutaneus antebrachii medialis  

E. N. ulnaris

[26]

Regular excursions of a diaphragm were broken because of an operational trauma of soft tissues of a neck on right hand side. What nerve has suffered?

А. N. intercostales.   

B. N. vagus  

C. N. phrenicus dexter.

D. N. accessorius  

E. Rr. dorsales nervi spinalis  

[27]

The surgeon should open deep abscess because of inflammation of deep lymph nodes in axillary area. The patient has lost an opportunity to flex a forearm in elbow joint after the operation. The cutaneous sensitivity of anterolateral surfaces of a forearm was broken. What nerve was damaged during the operation? 

А. N.radialis.  

B. N.musculocutaneus.

C. N.ulnaris.    

D. N.medianus.    

E. N.axillaris.  

[28]

The patient had sensation of a pricking on a skin of a medial surface of a forearm after a trauma of soft tissues in the field of posteriomedial surface of humerus. What of the nerves is in a zone of damage?

А. N. musculocutaneus.   

B. N. cutaneus autebrachii medialis.

C. N. dorsalis scapularis.  

D. N. subscapularis.   

E. N.radialis.  

[29]

The patient with complaints to the increased pain sensitivity of a skin of an auricle and external acoustical meatus has gone to the doctor. The palpation for sternocleidomastoid muscle – is painful. what nerve’s irritation can give such clinical picture?

А. N. occipitalis minor.     

B. Nn. supraclaviculares.  

C. N. vagus.   

D. N. transversus colli.   

E. N. auricularis magnus.

[30]

The sensitivity of a skin of anterior and lateral surfaces of a neck is reduced at the patient after the operation. What nerve provides the sensitivity of this area of a neck? 
А. N. auricularis magnus  

B. Nn. supraclaviculares  

C. N. transversus colli

D. N. occipitalis minos  

E. N. phrenicus  

[31]

The patient has a hyperesthesia of a skin at the medial surface of arm. What nerve pathology is this connected?

A. Medial cutaneous nerve of arm.

B. Median nerve.

C. Ulnar nerve.

D. Radial nerve.

E. Axillary nerve.

[32]

The dryness in a mouth, dilatation of pupils and pulse rate acceleration were appeared 5-10 minutes after the subcutaneous injection of 1 mg of Atropinum in the patient. What vegetative nerve blockade can gives such symptomatology?

A. Sympathetic nerve-endings.

B. Parasympathetic centers in a brain.

C. Sympathetic centers in a spinal cord.

D. Parasympathetic nerve-endings.

E. Coeliac plexus.

[33]

Turned pale skin, shaking of hands, acceleration of the pulse rate, rising of the blood pressure and sugar level were detected in the patient 10 minutes after subcutaneous injection of 1 ml of 1 % solution of epinephrine. What part of nervous system excitability can causes these symptoms?

A. Sympathetic.

B. Parasympathetic.

C. Dorsal nucleus of CN X.

D. Yakubovich nucleus.

E. Vagal nucleus.

[34]

The retardation of pulse for 10-12 bit per minutes is developed after a gradually strengthen pressure during 20-30 seconds upon the eye apples (oculocardiac reflex). What nerve excitability such reaction is caused?
A. Optic.

B. Vegetative part of the vagus nerve.

C. Trigeminal.

D. Oculomotor.

E. Sympathetic plexuses of a. carotis interna.

[35]

The intensified lacrimation and runny nose on the affected side is detected at the patient with inflammation of a facial nerve. What is vegetative ganglion involved in inflammatory process?

A. Ciliary.

B. Sublingual.

C. Submandibular.

D. Parotid.

E. Pterygopalatine.

[36]

23 years old patient complains to extra salivary discharge to stomatologist. What vegetative ganglion stimulation can causes to hyperproduction of serous saliva?

А. Ganglion submandibulare.

B. Ganglion pterygopalatinum.
C. Ganglion ciliare.
D. Ganglion oticum.

E. Ganglion sublinguale.

[37]

The Novocaine blockade in the region of a neck is performed for prophylaxis of a shock in the patient with penetrating wound of a thoracic cavity. Thus a solution of Novocainum enter in space between endocervical and prevertebral fascia. What nervous formations will be blocked?

A. Vagus nerve and a cervical part of sympathetic trunk.

B. Radix of cervical segments of a spinal cord.

C. Hypoglossal and phrenic nerves.

D. Ventral branches of thoracic spinal nerves.

E. Nerves of brachial plexus.

[38]

The enlarged lymph nodes are detected in the region of roots of lungs during the X-ray examination of the patient. The patient complaints to disturbance of a cardiac rhythm and pain sensations in heart. It is supposed the symptoms are caused by pressure to the heart by enlarged lymphonoduses. What nerves are squeezed? 

А. N.phrenicus.  

B. Rr.cardiaci n. vagi.

C. Nn.intercostales.    

D. Truncus sympaticus.  

E. N. splanchnicus major  

[39]

A victim has  trauma of elbow joint with abruption of medial humeral epicondyle. During examination: anaesthesia of V and halve of the IV fingers on palmar surface, and halve of III, IV and V on a dorsum, the function of interosseous muscles is broken. Which nerve can be injured?
A. Ulnar
B. Radial
C. Musculo-cutaneous
D. Median
E. Medial cutaneous nerve of forearm
[40]

35 years-old man has entered traumatologic department with a trauma of the right arm. Medical examination shown presence of fracture with displaced fragments in middle third of humeral diaphysis; fingers of the right hand do not extend. What nerve is damaged?

A. Radial
B. Ulnar
C. Median
D. Musculo-cutaneous
E. Axillary
[41]

The patient complains of skin sensation loss on posterior middle and inferior thirds of leg. What nerve is damaged?
A. N. suralis
B. N. cutaneus femoris posterior
C. N. saphenus
D. N. obturatorius
E. N. tibialis
[42]

Patient can not flex forearm and has loss sensation on anterior-lateral surface of forearm. What nerve is damaged?
A .Axillary

B. Radial

C. Median

D. Ulnar

E. Musculo-cutaneous

[43]

Loss sensation of IV and V fingers is revealed in patient after trauma of medial humeral epicondyle. What nerve is injured?
A. Ulnar

B. Radial

C. Median

D. Medial cutaneous nerve of forearm

E. Musculo-cutaneous

[44]

Patients has lost ability to hold pronated foot. What nerve is injured?
A. Deep peroneal

B. Superficial peroneal

C. Tibial

D. Sciatic

E. Common peroneal
[45]

What nerve can be damaged under removal of great saphenous vein (v. saphena magna)?
A. N. cutaneus surae medialis
B. N. peroneus superficialis
C. N. saphenus

D. N. cutaneus surae lateralis
E. N. tibialis

[46]
Owing to operative trauma of soft tissues of the neck respiratory excursion of diaphragm was disturbed. What nerve was injured during operation?
A. N. vagus

B. N. phrenicus

C. N. accessorius

D. Rr. dorsales nervi spinalis

E. N. intercostales

[47]

Patient has loss of skin sensation at pubis and external genitalia after appendectomy. What nerve branches were damaged during operation?
A. Ilio-inguinal

B. Obturator

C. Femoral

D. Genito-femoral

E. Ilio-hypogastric

[48]
Patient has significant decreasing of knee-jerk reflex. Which spinal segments are damaged? 

A. Ш-IV lumbar

B. I-П sacral

C. VII-VIII thoracic

D. V-VI servical

E. IХ- Х thoracic

[49]

Disturbance of tactile and temperature sense in region of inferior 2/3 of lateral surface of thigh (Roth’s disease) is caused by damage of:
A. Genito-femoral nerve.

B. Femoral nerve.

C. Sciatic nerve.

D. Lateral cutaneous nerve of thigh.

E. Tibial nerve.

[50]

Patient feels pain in region of anterior surface of thigh, and has atrophy of quadriceps femoris muscle. Which nerve is injured?
A. Obturator

B. Femoral

C. Sciatic

D. Tibial

E. Common fibular

[51]

Patient has lost skin sensation in anterior-medial surface of the leg. Which nerve is injured?
A. Obturator

B. Sciatic

C. Saphenus

D. Lateral cutaneous nerve of thigh

E. Common fibular

[52]

Patient can not flex foot and toes, abduct foot. He complains of loss of sensation of sole and lateral edge of foot. What nerve is damaged?

A. Common fibular nerve.

B. Femoral nerve.

C. Tibial nerve.

D. Obturator nerve.

E. Inferior gluteal nerve.
Cranial nerves

[1]

The patient has signs of loss the visual watch reflex. What are the nuclei of the brainstem damaged?

A. Nuclei of third cranial nerve.

B. Nuclei of inferior colliculi of tectal lamina.

C. Nuclei of superior colliculi of tectal lamina.

D. Nuclei of trochlear nerve.

E. Nuclei of abducent nerve.

[2]

The patient has addressed to the ophthalmologist with complaints to a blepharoptosis. The tumour of a brain has been diagnosed during clinical examination. What is the cranial nerves nucleus struck with a pathological process?

A. VII pair of CN.

B. II pair of CN. 

C. IV pair of CN. 

D. VI pair of CN. 

E. III pair of CN. 

[3]

The patient with epidemic encephalitis has infringements of accommodation, uni- or bilateral ptosis (a ptosis of eyelids), divergent strabismus. Pupils are expanded. what of cranial nerves nuclei are struck? 

A. III. 

B. IV 

C. V. 

D. VI. 

E. VII. 

[4]

The patient has an inflammation maxillary nerve. What foramen of the sphenoid bone the nerve passes through?

A. Oval.

B. Rotundum.

C. Jugulare.

D. Venosus.

E. Spinosus.

[5]

The victim has left-side splintered fracture of a zygomatic bone with loss of skin sensitivity above it. What nerve is injured:

A. Zygomaticofacial nerve.

B. Facial nerve.

C. Infraorbital nerve.

D. Buccal nerve.

E. Pes anserinus minor.

[6]

54 years old male patient complains to absence skin sensitivity of a lower eyelid, external lateral surfaces of nose and upper lip. An inflammation of the second branch of a trigeminal nerve was diagnosed. What foramen this branch leaves a skull through? 

A. Infraorbital foramen. 

B. Foramen lacerum. 

C. Superior orbital fissure. 

D. Spinous foramen. 

E. Oval foramen. 

[7]

60 y.o. male patient has age hyperopia because of with weakening the accommodative properties of a lens and smooth muscles of a vascular tunic of an eyeball and demands correction by lenses. What ganglion branches are the muscles of corpus ciliarе innervated by?

A. G. oticum.

B. G. pterygopalatinum.

C. G. ciliare. 

D. G. trigeminale.

E. G. sympathicus.

[8]

The patient has a neuralgia of ciliary ganglion (Charlene’s syndrome) – herpetican eruption on a skin of forehead, signs of sclera and iris defeat, pain in the field of eyes with irradiationin to nose, morbidity of an internal angle to an eye. What nerve branches form a sensitive root g. ciliare?

A. N. inraorbitalis.

B. N. ethmoidalis anterior.

C. N. ethmoidalis posterior.

D. N. supraorbitalis.

E. N. ciliaris longi.

[9]
The doctor injects an anesthetic’s solution into infraorbital foramen . What nerves are anesthetized thus?

A. Abducent nerve

B. Infraorbital and anterior superior alveolar branches.

C. Oculomotornerve.

D. Trochlear nerve.

E. Mandibular nerve.

[10]

The male patient with a diabetes periodically arise inflammations of sebaceous glands of a upper eyelid (Glandulae sebaceae (Zeis)) with damage of roots of eyelids that causes a pain and itch in the patient. What nerve innervates a skin of upper eyelid?

A. N. ophtalmicus.

B. N. oculomotorius.

C. N. abducens.

D. N. trochlearis.

E. N. infraorbitalis.

[11]

The patient had stable strabismus of the right eye, ability to its lateral abduction is lost after a cerebral hemorrhage. What nucleus of a cranial nerve is damaged by hemorrhage?

A. N. facialis dexter.

B. N. аbducens dexter.

C. N. oculomotorius.

D. N. abducens sinister.

E. N. trochlearis.

[12]

#Q=The male patient has right-side converging strabismus after a craniocerebral trauma. What cranial nerve damage has resulted to such consequences?

A. N. oculomotorius.

B. N. trochlearis.

C. N. abducens.

D. N. trigeminus.

E. N. facialis.

[13]

The patient has an asymmetry of the face especially at attempts to make active contractions of facial muscles. What nerve defeat the doctor should think about? 

A. Trigeminal - 1-st branch (ophtalmic).

B. Facial - its motor fibers.

C. Trigeminal - 2-nd branches (maxillary).

D. Trigeminal - 3 branches (mandibular).

E. Hypoglossal.

[14]

The boxer has left-side paralysis of mimic muscles after impact in parotid area. What nerve is damaged? 

A. Lesser petrosal nerve.

B. Ophtalmic.

C. Maxillary. 

D. Mandibular. 

E. Facial. 

[15]

The patient has hearing loss of the left ear. What formation nuclei of the struck nerve are located In? 

A. Hypothalamus.

B. Diencephalon.

C. Midbrain.

D. Pedunculi cerebri.

E. Area vestibularis in rhomboid fossa.

[16]

The patient has broken orientation in space and equilibrium of a body. What nuclei of a brainstem are damaged? 

A. Vestibular nuclei.

B. Nucleus of the facial nerve.

C. Nuclei of medial geniculate body.

D. Motor nucleus of an eleventh cranial nerve.

E. Nuclei of lateral geniculate body.

[17]

Tthe patient loss auditory sensitivity because of eighth pair of CN damage. What ganglion are there the first neurones of auditory pathway in?

A. Gangl. trigeminale.

B. Gangl. vestibulare.

C. Gangl. geniculi.

D. Gangl. spirale.

E. Gangl. ciliare.

[18]

Tthe patient complains to giddiness and a hearing loss of the right ear. What nerve is damaged? 

A. Right vestibulocochlear nerve. 

B. Left vestibulocochlear nerve. 

C. Hypoglossal nerve.

D. Vagus nerve. 

E. Trochlear nerve.

[19]

The patient loss auditory sensitivity because of damage the eighth pair of CN. What nucleus is there a second neurone of auditory pathway in?

A. Nucl. cochlearis lateralis et medialis.

B. Nucl. cochlearis ventralis et dorsalis.

C. Nucl. cochlearis accessorius.

D. Nucl. vestibularis lateralis et medialis.

E. Nucl. vestibularis ventralis et dorsalis.

[20]

The patient has infringement of parotid gland function. What nerve does intensify its secretion? 

A. N. auricularis major.

B. N. petrosus major.

C. N. petrosus profundus.

D. N. auricularis minor.

E. N. petrosus minor.

[21]

The patient complains to pain in the root of the tongue and palatine tonsils. What nerve does innervate these areas? 

A. Hypoglossal.

B. Accessory nerve. 

C. Glossopharyngeal nerve. 

D. Trigeminal. 

E. Trochlear. 

[22]

The complications are revealed after the operations on a stomach: the peristalsis and a secretion of glands has slowed down and the sphincter muscle of pylorus has weakened. What nerve has been damaged during the operation? 

A. Vagus nerve. 

B. Accessory nerve. 

C. Glossopharyngeal. 

D. Trigeminal. 

E. Trochlear. 

[23]

During the neurologic examination of 22 y. o. patient the doctor has asked him to open a mouth and to say sound "Аааа", thus estimated, whether the soft palate symmetrically rises. Then the doctor has touched by cotton plug to a soft palate and vomitive reflex was the answer accompanying with movement of a palate and a pharynx. What cranial nerves were investigated by the doctor?

A. 10,11 and 12.

B. 5,7 and 9. 

C. 7,8 and 9. 

D. 9 and 10. 

E. 9 and 12. 

[24]

The 60 y. o. patient has a thrombosis of sigmoid sinus in a place of jugular foramen. Thus XI IX, X pairs of cranial nerves are involved. It has resulted as infringement of a swallowing, a hoarseness, slowdown of pulse and respiration, convulsion neck muscles. What are the muscles of a neck involved? 

A. M. sternohyoideus.

B. M. scalenus anterior.

C. M. scalenus posterior.

D. M. omohyoideus.

E. Mm. trapezius, m. stenocleidomastoideus.

[25]

The patient complains to difficulty right upper arm rising above a horizontal level. What nerve defeat does result to this? 

A. Left accessory nerve.

B. Right accessory nerve. 

C. Greater pectoral. 

D. Lesser pectoral. 

E. Right vagus. 

[26]

The patient has labored turns to left and throw back of a head. What nerve defeat does result to this?

A. Greater pectoral.

B. Left accessory nerve. 

C. Right accessory nerve. 

D. Lesser pectoral. 

E. Right vagus. 

[27]

The patient has deviation of tongue apex to the right. What cranial nerve motor innervation is broken in this case? 

A. N. hypoglossus dexter.

B. N. glossopharingeus dexter.

C. N. vagus dexter.

D. N. trigeminis sinister.

E. N. facialis sinister.

[28]

The patient says the words with efforts, and also complains to difficulty in swallowing. What nerve damage has caused to such clinic?

A. N.vagus.

B. N. facialis.

C. N.glossopharyngeus.

D. N.accessorius.

E. N.hypoglossus.

[29]

During the stomatologic manipulations the fibers of CN12 at the left are damaged. What are the symptoms? 

A. Infringement of soft palate muscles contraction.

B. Infringement of tongue muscles contraction at the left. 

C. Infringement of a larynx muscles contraction. 

D. Infringement of suprahyoid muscles contraction. 

E. Infringement of pharynx muscles contraction. 

[30]

The 40 y. o. patient with a fracture of base of the skull has Gradenigo's syndrome for which characteristic sharp pains in a frontotemporal region and impossibility to abduct the eye outside. What nerves function is broken?

A. N. oculomotorius, n. ophthalmicus.

B. N. trochlearis., n. ophthalmicus.

C. N. abducens, n. ophthalmicus.

D. N. vagus, n. ophthalmicus.

E. N. inraorbitalis, n. ophtalmicus.

[31]

The patient has a rupture of a. саrоtіs interna in a cavernous sinus it is observed pulsating exophthalmus (synchronously with pulse), blowing hum (auscultated through an eyeball), expansion of a palpebral fissure and a dilatation of pupil is. What of the cranial nerves which passing cavernous sinus together with the damaged vessel, are compressed by a hematoma?
A. ІІІ, ІV, VI, 1 branch V.

B. ІІІ, ІV, 1 branch V.

C. І V, VI, 1 branch V.

D. VI.
E. VII.

[32]

The doctor has checked up a lid reflex in the 27 y. o. patient. He touched to a cornea by slice of cotton and observed as the answer protective reaction as blinking. What cranial nerves were investigated by the doctor?
A. 1 and 2 CN.

B. 5 and 7 CN. 

C. 2 and 5 CN. 

D. 5,7 and 9 CN. 

E. 3,4 and 5 CN. 

[33]
The patient with a pulmonary tuberculosis has increased tracheobronchial lymph nodes located between aortic arch and a bifurcation of trachea that has resulted in changes of a cardiac rhythm. What nerves or nervous plexuses can be squeezed by the pathology? 

A. Deep cardiac plexus.

B. Vagus nerve.

C. Superficial cardiac a plexus.

D. Sympathetic nerves.

E. Intraorganic cardiac plexuses.

[34]

The patient has increased secretion of parotid gland. what nucleus stimulation can course to this?

A. Nucleus solitarius.

B. Nucleus salivatorius superior.

C. Nucleus salivatorius inferior.

D. Nucleus ambiguus.

E. Nucleus dorsalis n. vagi.

[35]

56 y. o. female patient with complaints to visual impairment has addressed to ophthalmologist. The infringement of lens accommodation process caused by infringement of vegetative ganglion function caring out parasympathetic innervation of m. ciliaris. What is the ganglion?

A. G. ciliare.

B. G. pterygopalatinum.

C. G. oticum.

D. G. submandibulare.

E. G. sublinguale.

[36]

The victim has lost an opportunity to lift the right eyelid and the right eye after the trauma of a skull with damage of superior wall of the right orbit. What nerve is damaged most probably?

А. R.superior n. oculomotorius.
B. R. inferior oculomotorius.
C. N. trochlearis.
D. N. abducens.
E. N. ophthalmicus.
[37]

The patient with the complaint to difficulty of tight closing the jaws during mastication has gone to the doctor. The doctor has detected an atrophy of muscles mastication located below to zygomatic arch. What cranial nerve branches innervate this group of muscles?

А. N. trigeminus.
B. N. ophthalmicus.
C. N. glossopharyngeus.
D. N. vagus.
E. N. facialis.
[38]

What of the nerves can be damaged because of maxillary sinusitis and operations on a sinus of Highmore?

А. Nn. alveolares superiores.
B. N. facialis.
C. N. mandibularis.
D. N. oculomotorius.
E. N. ophthalmicus.
[39]

The patient with an inflammation mucosa of the tongue complains to disorder of the general sensitivity of anterior two thirds of tongue. What nerve affection is it connected with?

A. Tympanic.
B. Lingual.
C. Chorda tympani.
D. Vagus.
E. Glossopharyngeal.
[40]

Disorder of salivation and taste is detected in the patient with an inflammation of a middle ear. What nerve affection these disorders have caused?

A. Tympanic.
B. Lingual.
C. Glossopharyngeal.
D. Chorda tympani.
E. Vagus.
[41]

The injuring of the external wall of an orbit is detected during the examination of patient after the traffic accident The victim has lost an opportunity to abduct the eyeball on the injured side. What nerve could be affected in this case?

А. N. abducens.
B. N. trochlearis.
C. N. oculomotorius.
D. N. ophthalmicus.
E. Chorda tympani.
[42]

At the patient’s right nasolabial fold is flattened, the right palpebral fissure expanded (it can not be closed because eyelids are not closed). There are difficulties during talk and meal (the meal jams between a cheek and teeth). What nerve is struck?

А. N. facialis dexter.
B. N. abducens dexter.
C. N. glossopharyngeus sinister.
D. N. vagus dexter.
E. N. glossopharyngeus dexter.
[43]

The patient has a masklike [Parkinson's] face after grippe: the angle of a mouth is lowered, nasolabial fold flattened, the lower eyelid is lowered. What nerve is damaged?

A. Maxillary.
B. Mandibular.
C. Greater petrosal.
D. N. facialis.
E. N. vagus.
[44]

The 45 y.o. male patient has gone to clinic with complaints to anesthesia of posterior 1/3 of the tongue. What cranial nerve’s function is broken?

А. X

B. IX

C. VII

D. V

E. XI

[45]

Patient has difficulties in swallowing concerned with paralysis of soft palate. What nerve is damaged?
A. ІII branch of trigeminal nerve.

B. Facial nerve.

C. I branch of trigeminal nerve.

D. ІІ branch of trigeminal nerve.

E. Hypoglossal nerve.

[46]

As a result of mandibular dislocation patient has loss of taste sensation at anterior part of tongue and has lacrimation (watering). Irritation of which nerve might cause such signs?

A. Vagus

B. Hypoglossal

C. Mandibular

D. Facial

E. Tympanic

[47]

Patient feels pain and numbness gingival mucosa of maxilla. Damage of what nerves can cause these signs?
A. Nn. alveolaris superiores (n.maxillaris)

B. N.facialis

C. N.glosspharyngeus

D. N. vagus
E. N.ophtalmicus

[48]

Irritation of what nerve might cause appearance of hoarse voice in patient with aneurism of subclavian artery?

A. N. laringeus inferior sinister

B. N. laringeus superior dexter

C. N. laringeus reccurens sinister

D. N.laringeus superior sinister

E. N.laringeus reccurens dexter

[49]

At 30-years-old patient loss of medial visual fields caused by tumor of a hypophysis is revealed. What part of visual pathways is compressed by tumor?

A. Chiasma opticum

B. N. opticus

C. Tractus opticus

D. Corpus geniculatum mediale

E. Corpus geniculatum laterale

[50]

The patient has addressed with complaints to the impairment of vision (drooping of eyelid, impossibility to turn an eye upwards and in the middle). At medical examination it is revealed, that the eye is abducted, the pupil is expanded and does not react to light, sick does not see close objects. What nerve is damaged?

A. Trochlear.

B. Abducent.

C. Optic.

D. Oculomotor.

E. Trigeminal.

[51]
25-years-old patient has addressed with complaints to deterioration of vision. At survey impairment of accommodation is revealed, the pupil is expanded, does not react to light. Function of what muscles is disturbed?

A. M. sphincter pupillae, m. ciliaris.

B. M. dilatator pupillae, m. ciliaris.

C. M. oliquus superior, m. ciliaris.

D. M. rectus lateralis, m. sphincter pupillae.

E. M. sphincter pupillae, m. dilatator pupillae.

[52]

Patient has loss of sensation of anterior 2/3 of tongue. Taste sensation is persisted. What nerve is damaged?

A. Hypoglossal

B. Chorda tympani

C. Lingual nerve after joining chorda tympani

D. Glossopharyngeal

E. Lingual nerve before joining chorda tympani

[53]

Surveying the patient it is revealed, that he does not feel bitter, tactile sensitivity of a posterior third of tongue is disturbed. What nerve is involved in pathological process?

A. Hypoglossal.

B. Lingual.

C. Glossopharyngeal.

D. Facial.

E. Trigeminal.

[54]

Patient had been undergone subtotal subfascial resection of a thyroid gland. In the postoperative period hoarseness is observed long time. What nerve was damaged during operation?

A. Hypoglossal
B. Recurrent laryngeal

C. Superior laryngeal

D. Mandibular

E. Lingual

[55]

Durind surgery of deep abscess of a cheek a vertical incision has been made. Then impaired function of muscles on the side of operation is observed. Branches of what nerve were cut off?

A. Mandibular

B. Hypoglossal

C. Vagus

D. Maxillary

E. Facial

[56]

The patient complains to dryness in a mouth, reduction of salivation. What nerves are injured?

A. Parasympathetic fibers of chorda tympani.

B. Motor fibers of hypoglossal nerve.

C. Sensory fibers of lingual nerve.

D. Parasympathetic fibers of vagus nerve.

E. Sympathetic fibers of sympathetic trunk.

[57]

Victim has a fracture and a haemorrhage at an anterior third of mandible, loss of skin sensitivity a chin. What nerve is injured?

A. N. transversus coli.

B. N. alveolaris superior.

C. N. buccalis.

D. N. alveolaris inferior.

E. N. mylo-hyoideus

[58]

Three-years-old child has entered a hospital with the diagnosis: a divergent squint. By damage of what nerves it is caused?

A. Optic

B. Trochlear

C. Abducent

D. Oculomotor

E. Ophthalmic

[59]

Patient К. feels cramping pains in the forehead region, in an eyeball, at an internal corner of an eye-socket. Pressing in a medial part of supraorbital margin is painfull, skin sensitivity is disturbed. What nerve is damaged?

A. Maxillary

B. Trochlear

C. Abducent

D. Ophthalmic

E. Oculomotor

[60]

The patient has addressed to the doctor with complaints to lowering of a upper eyelid (ptosis). The doctor has found out also signs of a squint and has offered the further research. Dysfunction of what of a nucleus was assumed by the doctor?

A. Motor nucleus of oculomotor nerve

B. Motor nucleus of trigeminal nerve

C. Subcortical visual nuclei

D. Motor nucleus of facial nerve

E. Cortical visual center
Sense organs

[1]
The patient 15 y. o. complain to a strong headache, pain in eyes, indistinctness of letters during reading, after long work on close distance. What muscle of eye defeat takes place in this case? 

A. Muscle dilating a pupil.

B. Superior oblique muscle.

C. Muscle sphincter pupil.

D. Inferior oblique muscle.

E.Orbital muscles.

[2]

During clinic examination of the patient in ophthalmology department the deviation of an eyeball medially, impossibility to abduct it (infringement of divergence) is revealed. What muscle is struck? 

A. Superior rectus muscle.

B. Lateral rectus muscle.

C. Medial rectus muscle.

D. Inferior oblique muscle. 

[3]

The 46 y. o. female patient has addressed to the ophthalmologist with complaints to visual impairment. The infringement of lens accommodation and pathology of ligament which fixed its to the capsule was observed after examination. What is a ligament?

A. Zonula ciliaris.

B. Lig. Lentis.

C. Lig. Capsularis.

D. Lig. pectinatum iridis.

E. Corpus vitreum.

[4]

The 25 y. o. male patient has addressed to the ophthalmologist with complaints to visual impairment. The diagnosis of coloboma (cleft) was put after clinical examination. What tunic of eyeball it can happen in (absent in norm )?

A. Ciliary body.

B. Iris.

C. Cornea.

D. Retina.

E. Sclera.

[5]

The 70 y. o. male patient has addressed to the ophthalmologist with complaints to visual impairment. The diagnosis of cataract was put after clinical examination. What formations of an eyeball such pathology can be located in?

A. Corpus ciliare.

B.Corpus vitreum.

C. Iris.

D. Cornea.

E.Lens.

[6]

The 40 y. o. male patient has addressed to polyclinic with complaints to infringement of accommodation of vision. What formation is responsible for an accommodation and is injured at the patient?

A. Anterior chamber of an eye.

B. Iris.

C. Vitreous body.

D. Lens and a ciliary body.

E. Posterior chamber of an eye.

[7]

The 45 y. o. female patient was addressed to the doctor with complaints to loss of an opportunity for colors distinguish which has appeared after the electric trauma. The defeat of receptors which responsible for this kind of sensitivity was revealed after the retina examination. What are the receptors?

A. Rods

B. Cones

C. Bipolar cells.

D. Multipolar cells.

E. Ganglionic cells.

[8]

The 52 y. o. patient complain to pain in the eyeballs. Rising of intraocular pressure is found during eye examination. what liquid outflow infringement has provoked the condition?

A. Perilymph.

B. Endolymph.

C. Aqueous humor.

D. Lymph.

E. Tear.

[9]

Steadfast widening of the pupil (mydriasis) was appear after the drops with Atropinum application. What muscle does not work?

A. Sphincter muscle of.

B. Dilator muscle of pupil.

C. Ciliary muscle.

D. All rectus muscles.

E. All oblique muscles.

[10]

The pupillary reflex is broken in the patient. The pupils are small, the patient badly orientated in a dark premise. What muscle of an eyeball function is broken?

A. M. obliquus bulbi inferiores.

B. M. sphincter pupillae.

C. M. ciliares.

D. M. obliquus bulbi superiores.

E. M. dilatator pupillae.

[11]

The 60 y. o. male patient has an longsightedness because of weakening of lens’ accommodative properties and smooth muscles of vascular tunic of eye. The longsightedness demands the correction by lenses. What muscle tone was weakening with an age?

A. M. dilatator pupillae.

B. M. ciliares. 

C. M. sphincter pupillae.

D. M. obliquus bulbi superiores.

E. M. obliquus bulbi inferiores.

[12]

The patient has hearing loss. What of the specified anatomic formations does not participate in conduction of mechanical fluctuations to Corti's organ?

A. Ossicula auditus.

B. Scala vestibule.

C. Membrana tympani.

D. Scala tympani.

E. Tuba auditiva.

[13]

The 54 y. o. female patient complains to a giddiness, a nausea, infringement of equilibrium after falling and a trauma of a head. What formation of internal ear was taken place most likely?

A. Membrana tympans.

B. Labyrinthus osseus.

C. Organum spirale.

D. Organum vestibulare.

E. Canalis longitudinalis modiolil.

[14]

The 7 y. o. child has sick ARD frequently. The substantial increase of a pharyngeal tonsil closing a pharyngeal aperture (tuba auditiva) which results to loss of acoustical sensitivity at the child was found during examination. What wall of the tympanic cavity the auditory tube does open on?

A. Paries caroticus.

B. Paries jugularis.

C. Paries labyrinthicus.

D. Paries mastoideus.

E. Paries tegmentalis.

[15]

The patient 18 y. o. has addressed in hospital with complaints to hum and pain sensations in the ear. Objectively - the patient has acute respiratory disease and rhinitis. What aperture of the pharynx the infection has got to the tympanic cavity and caused its inflammation through? 

A. Pharyngeal opening of auditory tube. 

B. Tympanic opening of auditory tube. 

C. Choanae. 

D. Fauces. 

E. Aperture of larynx. 

[16]

The child 7 y. o. has signs of a meningitis (an inflammation of cerebral dura mater) after the purulent otitis (an inflammation of an internal ear). What way the infection could be distributed?

A. Through fenestra of cochlea.

B. Through canaliculus tympanicus.

C. Through aqueduct of vestibule.

D. Through fenestra of vestibule.

E. Through cohlear canaliculus.

[17]

4 years old boy has viral infection frequently. As consequence – the tubal tonsil is enlarged closing pharyngeal opening of auditory tube. What does the auditory tube connect the cavity of pharynx with?

A. With cavity of the larynx.

B. With internal ear.

C. Withnasopharyngeal meatus.

D. With tympanic cavity.

E. With mouth.

[18]

The patient has an inflammation of a middle ear complicated by mastoiditis. What wall of the tympanic cavity the apertures connecting tympanic cavity with cells of a mastoid process are located?

A. Posterior.

B. Anterior.

C. Superior.

D. Inferior.

E. Medial.

[19]

The superior wall of a tympanic cavity is destroyed by pus because of a purulent otitis. What cranial fossa will pus from a tympanic cavity distributed in? 

A. Posterior cranial fossa.

B. Anterior cranial fossa.

C. Middle cranial fossa.

D. To the orbit.

E. Pterygopalatine fossa.

[20]

The inflammation of tympanic cavity has become complicated by an inflammation of dura mater. What wall of tympanic cavity the infection can penetrate into a cavity of a skull through? 

A. Inferior

B. Lateral

C. Superior

D. Medial

E. Posterior

[21]

The patient has the angina follicularis complicated by an acute otitis (an inflammation of a middle ear). What are the anatomic preconditions exist for this process? 

A. Pirogov’s lymphoepithelial ring.

B. Fallopian tubes.

C. Developmental defect of pharynx.

D. Eustachian tube. 

E. Piriform excavation 

[22]

The inflammation of a middle ear has complicated by a mastoiditis. Further there was a threat of a purulent clottage of the nearest venous sinus. What is the sinus? 

A. Inferior petrosal sinus.

B. Superior sagittal sinus.

C. Transverse sinus

D. Rectus sinus.

E. Sigmoid sinus.

[23]

5years old child has arrived to ENT- department with a diagnosis of purulent inflammation of a middle ear. Disease began from an inflammation of a nasopharynx. What canal of a temporal bone the infection has got to the tympanic cavity through? 

A. Carotid canal.

B. Canaliculus of chorda tympani.

C. Canaliculus tympanicus.

D. Musculotubal canal.

E. Caroticotympanic foramina.

[24]

Positiv Weber’s symptom at research of an ear (sounding of a tuning fork placed to the middle of sinciput is heard better by a sick ear) authenticate about the affection of: 

A. Cochlea

B. III cranial nerve.

C. Subcortical centers of hearing.

D. Cortical auditory area.

E. Auditory ossicles and eardrum.

[25]

The patient has worsened of olfaction after a trauma of temporal area of a head. What anatomic formation function’s infringement is observed? 

A. Tractus olfactorius.

B. Uncus.

C. Fila olfactoria.

D. Trigonum olfactorium.

E. Buldus olfactorius.

[26]

The olfactory fibers which leave a nasal cavity were broken because of trauma. What bone these fibers pass through?

A. Ethmoid bone.

B. Sphenoid bone

C. Maxilla.

D. Inferior nasal concha.

E. Nasal bone.

[27]

As a result of a purulent inflammation of distal phalanges of right thumb it is necessary for patient to remove a nail plate. What factors of an anatomic structure of a nail the surgeon should take into account during operation?

A. The nail is a growth an osteal tissue.

B. The nail is a derivatives of a epidermis.

C. The nail is a cartilaginous plate.

D. The nail is a growth of tendons.

E. The nail is a derivatives of a derma.

[28]

The young girl has addressed to beauty parlor with the complaint to a plentiful hair-covering of the leg. She repeatedly shaved hair, but it again grew and became more rigid. The cosmetician has offered her an epilation (erasion of hair together with hair bulbs). What layer of skin the hair bulbs are located in? 

A. In a papillary layer of skin.

B. In reticular layer of a skin. 

C. In thickness of epidermis.

D. In subcutaneous fat.

E. Between epidermis and derma. 

[29]

The 38 years old patient is delivered to burns department after badly burnt during a fire. Doctors have defined the area of the struck surface of skin is about 60%. What is in average the skins’ surface of human? 

A. 2,3-2,5 m2. 

B. 2,5 - 3,0 m2. 

C. 1,0-1,2 m2. 

D. 1,5-2,0 m2. 

E. 1,2-1,4 m2. 

[30]

The greatest quantity of sweat glands has been revealed in the probe of a skin during medicolegal investigation. What body part of deceased person the delivered material belong to?

A. The skin of abdomen.

B. The skin of palms.

C. The skin of back.

D. The skin of breasts.

E. The skin of an elbow.

[31]

The sebaceous glands  have not been revealed the probe of a skin during medicolegal investigation. What body part of deceased person the delivered material belong to?

A. Transitional zone of the lips.

B. Glans of penis.

C. Sole of the foot.

D. Skin of the mammary gland.

E. Skin of scrotums.

[32]

The diagnosis of gynecomastia was put to the young man during medical checkup in military registration and enlistment office. What kind of skins’ derivatives anomaly is a speech about ? 

A. Absence of the hair-covering.

B. Development of the additional mammary glands.

C. Diminution of sweat glands quantities.

D. Development of mammary glands due to female type.

E. Formation of the false pudendal lips. 

[33]

The young woman has addressed in to beauty parlor. She considers her mammary glands are posed too low. She is ashamed of the look, wears a closed  dress and insists on carrying out the plastic surgery. What level the mammary glands are located in norm?

A. 4 up to 7 ribs.

B. 2 up to 5 ribs. 

C. 3 up to 4 ribs. 

D. 4 up to 6 ribs. 

E. З up to 6 ribs. 

[34]

The surgeons prefer radial incisions during the operations on mammary glands. What features of anatomic structure such technics of operation is based?

A. The apices of the lobules converge to papilla.

B. The bases of the lobules are inverted to a papilla.

C. The lobules are placed transversely. 

D. The lobules are placed vertically. 

E. The lobules are placed horizontally.

[35]

The 42 y. o. female patient has addressed to the surgeon concerning induration in right mammary gland. Small benign tumor of mammary gland was found during examination. What amount of lobules are in mammary glands in norm? 

A. 25-30 lobules. 

B. 4-6 lobules. 

C. 6-8 lobules. 

D. 15-20 lobules

E. 10-12 lobules. 

[36]

The patient has disturbance of taste sensation. Thus tactile, pain and the temperature sensitiveness of tongue is saved. What papillae of tongue are not gustatory? 

A. Vallate papilla.

B. Filiform papilla.

C. Fungiform papilla. 

D. Foliate papilla. 

E. All.

[37]

The 82 years old female patient complains to loss of gustatory sensitivity. The cortical localization of pathological process has established . Where is it exactly?

A. Subcallosal area and a cingular gyrus.

B. Uncus and hippocampus.

C. A frontal gyrus and a subcallosal field.

D. Angular gyrus and hippocampal gyrus.

E. Uncus and the inferior area of precentral gyrus.

[38]

In patient has found out rising of an ophthalmotonus. The reason of it can be deterioration of outflow of a liquid from the anterior chamber of an eye. Through what formations outflow of a liquid from the anterior chamber of an eye is broken?

A. Slit spaces iridocorneal angle.

D. Pupil.

C. Perichoroid.

D. Subchoroid.

E. Between fibers of an iris of the eye.

[39]

Young mother has addressed to the doctor with the complaint to absence of tears at the child of 2 weeks during crying. When the lachrymal gland starts to work for children?  

A. Since 3 weeks of life  

B. About 2 months of life  

C. About 6 months of life  

D. Since 8 weeks of life  

E. Right after birth  

[40]

At the child of 2 years after the transferred flu complaints to a pain in an ear have appeared. The doctor has found out drop of hearing and an inflammation of a middle ear. In what way the infection has got in a middle ear?   

A. Through auditory tube 
B. Through foramen jugularis   

C. Through canalis caroticus   

D. Through atrium mastoideum  

E. Through canalis nasolacrimalis

[41]

The patient A., 75 years, is delivered in ophthalmologic department of hospital with complaints to deterioration of vision. At medical examination, presence of a tumor of the brain located in a site of the left optic tract is fixed. What disorder of vision could be observed at the patient?  

A. Falling-out of vision in the lateral eyeshot of the left eye and medial eyeshot of the right eye.

B. Falling-out of vision in the left half of retina of both eyes  

C. Falling-out of vision in the right half of retina of both eyes  

D. Falling-outof vision in both half of left eye 

E. Falling-outof vision in both half of right eye  

[42]

Due to a trauma at the patient different diameter of pupils (anisocoria) is observed. What muscle activity is blocked?  

A. Musculus sphincter papillae.
B. Musculus ciliaris.
C.Musculus dilatator papillae.
D. Musculus rectus superior.

E. Musculus rectus inferior.
[43]

The 50 years old patient complains to deterioration of vision on narrow distance. Fibers of what muscle began to work worse.
A. Meridianal fibers of a ciliary muscle.
B. Circular fibers of a ciliary muscle
C. Radial fibers of an iris of the eye.
D. Circular fibers of an iris of the eye.
E. Sceletal muscles of an eye.
[44]

Patient has a tumour of superior nasal meatus. What symptoms we may find?

A. Disorder of taste.
B. Disorder of respiration.
C. Disorder of swallowing.
D. Disorder of salivation.
E. Disorder of olfaction.
[45]

At the patient with a glaucoma rising eye pressure is observed at conditions of normal secretion of a humor aquosus by ciliary body. With damage of what formations of a wall of an eyeball disorder of outflow of a fluid from the anterior chamber is connected?

A. Vascular coat;

B. Posterior epithelium of a cornea;

C. Venous sinus;

D. Ciliary body;

E. Ciliary muscle.

[46]

The diagnosis a right-hand mastoiditis was put to the patient. Specify the most probable source of distribution of purulent process to mastoid air cells.

A. From sterno-cleido-mastoid muscles.

B. From spongy substance of an occipital bone.

C. From a tympanic cavity.

D. From subcutaneous fatty tissue.

E. From middle cranial fossa.

[47]

27 years-old patient complains of pain, a redness and swelling in the right axillary area. These phenomena have appeared after application of poor-quality deodorants. The doctor has diagnosed - a hydroadenitis (an inflammation of sudoriferous glands). In what layer of a skin are sudoriferous glands located?

A. On border of epidermis and a derma.

B. In a papillary layer of a derma.

C. In a epidermis.

D. In a subcutaneous fatty tissue.

E. In a reticular layer of a derma.

[48]

Anaesthesiologist monitors reaction of a pupil to light during narcosis. What nucleus in brainstem is responsible for reaction of pupils to light?

A. Nucleus ambiguous

B. Nucleus of superior colliculi

C. Nucleus of lateral geniculate bodies

D. Accessory nucleus of oculomotor nerve.

E. Motor nucleus of trigeminal nerve.

[49]

The diagnosis of chronic rhinitis was put to a patient А., in otorhinolaryngologic department. Derangement of an olfaction is detected. What nervous structures are damaged?

A. Olfactory bulb.
B. Olfactory tract.
C. Cingulate gyrus.
D. Receptors of olfactory nerve.
E. Septum pellucidum.
[50]

Falling out of vision of the right half of retinas both sides is detected in the 40 y.o. male patient after craniocerebral trauma. The eyes are without pathology. Where can the damage be located most probably?

А. In the right cortical end of the visual analyzer.
B. In the left cortical end of visual analyze.
C. In an optic chiasm.
D. In an optic nerve.
E. In the retina.
[51]

The absence of vision in medial half of vision field of both eyes is detected during the patient’s examination. What part of a visual pathway is damaged authentically?

А. Chiasma opticus.
B. N. opticus.
C. Tractus opticus.
D. Sulcus calcarinus.
E. Retina.
[52]

The disorder of a divergence is detected in the patient. What muscles of the eyeball is damage?

А. Mm. recti lateralis.
B. Mm. recti medialis.
C. Mm. recti superior.
D. Mm. recti inferior.
E. M. obliqus superior.
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	31.
	C
	40.
	A
	49.
	D

	5.
	E
	14.
	A
	23.
	D
	32.
	D
	41.
	A
	50.
	A

	6.
	D
	15.
	A
	24.
	E
	33.
	E
	42.
	A
	51.
	A

	7.
	B
	16.
	C
	25.
	B
	34.
	A
	43.
	A
	52.
	A

	8.
	C
	17.
	D
	26.
	A
	35.
	D
	44.
	E
	

	9.
	A
	18.
	A
	27.
	B
	36.
	B
	45.
	C
	


QUESTIONS FOR FINAL MODULE CONTROL

CENTRAL NERVOUS SYSTEM

1. Development of the central nervous system in an embryogenesis. 
2. Phylogenetic stages of formation of nervous system.
3. Concept of a neuron, its structure, classification of neurons. Grey and white matter of the central nervous system. 
4. Nerve fibers, fascicles, roots, ganglions, nerves. Structure of simple and complex reflex arches.
5. Spinal cord: topography, external structure.
6. Segments of spinal cord. Development of spinal cord in embryogenesis. Anomalies of development of spinal cord.
7. Spinal cord: development, topography, and internal structure. The morpho-functional characteristics of grey matter.
8. Meninges of spinal cord and brain. Spaces between them, their contents.
9. Brain: its parts (anatomical classification).
10. The base of a brain: general review of formations on inferior surface of a brain, their topography, an exit of roots of cranial nerves. 
11. Brainstem: development, parts. 
12. Medulla oblongata: development, borders, an anatomical and histological structure.
13. Pons: development, borders, an anatomical and histological structure. 
14. Cerebellum: development, an anatomical and histological structure (nuclei, cortex); classification of parts of cerebellum by phylogenetic principle. Connections of cerebellum: structure of cerebellar peduncles.
15. IV ventricle. Place of production and pathways of circulation of liquor. 
16. Mesencephalon: development, borders, an anatomical and histological structure.
17. Mesencephalon: an anatomical and histological structure, parts.
18. Thalamic area (parts). Thalamus: an anatomical and histological structure.
19. Hypothalamus: parts, an anatomical and histological structure. Pituitary gland: topography, parts, functions. Concept of hypothalamо-hypophyseal system.
20. Subcortical centers of vision and hearing. An anatomical and histological structure.
21. Epithalamus: parts, their functional significance. Pineal body (epiphysis): topography, functions. 
22. Metathalamus: structure, function. Isthmus of a brain. 
23. The third ventricle: development, walls, communications. 
24. Telencephalon: development, parts.
25. Histological structure of cerebral hemispheres (concept about myelo- and cytoarchitectonics). 

26. Rhinencephalon: peripheral and central parts. Limbic system. 
27. Basal ganglia: topography, parts, functional significance. Concept about striopallidar system.
28. Lateral ventricles: development, parts, topography, walls, connections. 
29. Topographical formations of white matter of cerebral hemispheres. Internal capsule. Localization of conducting tracts in each part of it.
30. Cerebral hemispheres: surfaces, lobes, their borders; to describe and show on specimens.
31. Relief (sulci and gyri) of lateral surfaces of hemispheres of a brain. 
32. Relief (sulci and gyri) of medial surface of hemispheres of a brain.
33. Relief (sulci and gyri) of basal surface of hemispheres of a brain; to describe and show on specimens.
34. Relief of frontal lobe. Localization of cortical ends of analyzers in frontal lobe.
35. Relief of parietal and occipital lobes. Localization cortical ends of analyzers in parietal and occipital lobe.
36. Relief of a temporal lobe: to describe and show on specimens. Localization of cortical ends of analyzers in temporal lobe.
37. Rhomboid fossa: formation, borders, relief. Projections of motor nuclei. 
38. Rhomboid fossa: formation, borders, relief. Projections of sensory nuclei. 
38. Rhomboid fossa: formation, borders, relief. Projections of vegetative nuclei. 
39. To name 12 pairs of cranial nerves and to show places of their exit on the base of a brain.
40. To name 12 pairs of cranial nerves and to show places of their exit on the base of a skull.
41. Subarachnoid space: formation, cisterns, connections. Production and outflow of a spinal liquid. Anomalies of development of meninges of a brain.
42. Dura matter and its derivatives (sinuses, processec).
43. Conducting tracts of CNS: definition, classification. 
44. Classification of conducting tracts. Associative tracts.
45. Classification of conducting tracts. Commissural tracts.
46. Classification of projective sensory tracts. Tract for conscious proprioceptive sensibility - tractus gangliobulbothalamocorticalis. 
47. Classification of projective sensory tracts. Tract for pain and a thermoesthesia - tractus spinothalamicus lateralis. 
48. Classification of projective sensory tracts. Tract for tactile sensitivity - tractus spinothalamicus ventralis (anterior).
49. Classification of projective sensory tracts. Tract for pain, temperature, tactile and conscious proprioceptive sensitivity from head and neck. 
50. The general anatomical principles of ctructure of afferent tracts of cortical direction.
51. Classification of projective sensory tracts. Posterior spinocerebellar tract.
52. Classification of projective sensory tracts. Anterior spinocerebellar tract.
53. Classification of efferent tracts. The general anatomical principles of ctructure of pyramidal tracts.
54. Classification of descending conducting tracts. Pyramidal cortico-spinal tract. 
55. Classification of descending, conducting tracts. Pyramidal cortico-nuclear tract.
56. Reticular formation. Tracts of a reticular formation. 
57. Extrapyramidal system: centers, functions. Conducting tracts of extrapyramidal system. 
SENSE ORGANS

1. Organ of olfaction: a structure, functions. An olfactory brain: parts, their components, cortical end of olfactory analyzer.
2. An eye. Structure of an eye, the protective accessory apparatus of an eye.
3. An eye: parts, topography. Accessory motor formations of an eye (external muscles of an eyeball).
4. The protective apparatus of an eye. Lachrymal apparatus: parts, topography, functions, outflow pathways for tear.
5. An eyeball: development, anomalies of development, external structure. A capsule of an eyeball (coats), its parts, structure, functions. 
6. An eyeball, its anatomical structure. A fibrous coat of an eyeball.
7. An eyeball: vascular coat, retina, their parts, structure, functions. Accommodative apparatus of an eye.
8. Nucleus of eyeball (lens, vitreous body). Refracting mediums of an eyeball, the chambers of eyeball, their border, connections, formation and pathways of circulation of humor aquosus.
9. An ear: its parts, anomaly and variants of development. An external ear (auricle, external acoustic meauts, tympanic membrane). 
10. Middle ear (tympanic cavity, ossicles, auditory tube). 
11. Internal ear (osteal and membranous labyrinths). 
12. Osteal labyrinth (a vestibule, semicircular canals, a cochlea) the Perilympha – development and tracts of circulation. 
13. Membranous labyrinth (vestibular labyrinth, semicircular channels, cochlear labyrinth). Endolymph – production and pathways of circulation. 
14. Structure of spiral organ.  pathways of passage of sound wave.
15. Skin, its structure. Derivatives of skin (hair, nails, glands). Mammary gland.     
Spinal nerves

1. The characteristic of a spinal segment.

2. Morphofunctional characteristic of spinal nerves. A principle of its formation, regions of innervation. 

3. The characteristic of anterior branches of spinal nerves. Region of innervation.

4. The characteristic of posterior branches of spinal nerves. Region of innervation.

5. Morphofunctional characteristic of the cervical plexus: sources of origin, localization, structure of branches.

6. Classification of cervical plexus branches: topography, zones of innervation.

7. Morphofunctional characteristic of a brachial plexus: sources of origin, topography of supra- and infraclavicular part.

8. Classification of brachial plexus branches, their topography, zones of innervation.

9. Short branches of a brachial plexus: formation, topography, regions of innervation

10. Long branches of a brachial plexus: formation, regions of innervation

11. Morphofunctional characteristic of lumbar plexus: sources of origin, classification of branches, localization.

12. Lumbar plexus: characteristic of branches and zones of innervation.

13. Sources of origin of sacrococcygeal plexus, its formation, localization, classification of branches.

14. Sacrococcygeal plexus, the characteristic of branches and zones of innervation.

15. The concept of a spinal nerve, a spinal root and branches of spinal nerve. Features of posterior branches of cervical, lumbar and sacral spinal nerves.

16. Cutaneous branches of a cervical plexus and define the zones of innervation.

17. Muscular branches of a cervical plexus and define the zones of innervation.

18. Phrenic nerve. Define its pathway and zones of innervation. Concept of "Phrenic - symptom".

19. Short branches of a brachial plexus, define the zones of innervation.

20. Axillary nerve, features of pathway and region of innervation.

21. The branches of lateral cord of a brachial plexus, their topography and zones of innervation.

22. The branches of medial cord of a brachial plexus, zone innervation.

23. Median nerve: its topography and zones of innervation.

24. Ulnar nerve: its topography and zones of innervation.

25.  Posterior cord of a brachial plexus. A pathway and zones of innervation of radial nerve.

26.  Pathway and zones of innervation iliohypogastric and ilioinguinal nerves.

27. Pathway and zones of innervation of genitofemoral nerve and lateral cutaneous nerve of thigh.

28. Pathway and zones of innervation of femoral nerve.

29. Pathway and zones of innervation of obturator nerve.

30. Pathway and zones of innervation of short branches of sacral plexus.

31. Place of exit from a pelvis and regions of innervation a femur of a sciatic nerve.

32. Branches of a sciatic nerve in a popliteal fossa, zones of innervation of lower leg and foot.

33. The nerves passing through infrapiriform foramen their regions of innervation.

34. Innervation of muscles of a shoulder girdle and the upper arm.

35. Innervation of muscles of a thigh.

36. Innervation of muscles of a forearm.

37. Innervation of muscles of the hand.

38. Innervation of muscles of a pelvis.

39. Innervation of muscles of the lower leg.

40. Innervation of muscles of foot.

41. Innervation of skin of the upper limb.

42. Innervation of skin of the lower limb.

43. Innervation of muscles and skin of a trunk.

44. Innervation of external genital organs.

45. Innervation of muscles of a neck.

CRANIAL NERVES

1. CN I. The morphological characteristic of an olfactory pathway.

2. CN II. The morphological characteristic of a visual pathway

3. CN III. A pathway of a pupillary reflex. 

4. CN IV and VI. 

5. CN V -1 branch of a trigeminal nerve. 

6. CN V - 2 branch of a trigeminal nerve. 

7. CN V - 3 branch of a trigeminal nerve. 

8. CN VII. A pathway on periphery and zones of motor innervation.

9. An intermediate nerve. The characteristic of nucleus and ganglia. A pathway on periphery and zones of innervation.

10. CN VIII. A pathway of auditory analyzer.

11. CN VIII. A pathway of a vestibular analyzer.

12. CN IX. Yakobsons anastomosis.

13. CN X. Zones of innervation of the head, neck and a thoracic cavity.

14. CN X. Zones of innervation of abdominal cavity.

15. CN XI and XII. A pathway on periphery and zones of innervation.

Vegetative nervous system.

1. Definition of vegetative nervous system, its functions, topographical formations.

2. Classification vegetative nervous system, its parts.

3. Differences between vegetative and somatic nervous systems.

4. Vegetative reflex arch. Differences from the somatic one.

5. The central part of sympathetic and parasympathetic parts of vegetative nervous system.

6. Peripheral part of sympathetic and parasympathetic parts of vegetative nervous system.

7. Differences between the sympathetic and parasympathetic nervous systems.

8. Sympathetic trunk: topography, characteristic of branches of cervical part. 

9. Sympathetic trunk: topography, characteristic of branches of thoracic part.

10. Sympathetic trunk: topography, characteristic of branches of lumbar part.

11. Sympathetic trunk: topography, characteristic of branches of sacrococcygeal part.

12. Formation greater and lesser splanchnic nerves. Regions of innervation.

13. Vegetative plexuses of the abdominal cavity (formation, topography, regions of innervation).

14. Small plexuses, innervating paired and unpaired organs of an abdominal cavity, and pelvis.

15. The general principles of sympathetic innervation of organs (a pathway of a nervous impulse, pre- and a postganglionic fibers).

16. The general principles sympathetic innervation of organs of a head and a neck.

17. The general principles of sympathetic innervation organs of thoracic cavity.

18. The general principles of sympathetic innervation of organs of abdominal cavity.

19. The general principles of sympathetic innervation of organs of pelvis.

20. The general principles of parasympathetic innervation of organs (a pathway of a nervous impulse, pre- and postganglionic fibers).

21. Ciliary ganglion.

22. Pterygopalatine ganglion

23. Otic ganglion.

24. Submandibular ganglion (sublingual ganglion).

25. The general principles of parasympathetic innervation of organs of thoracic cavity.

26. The general principles of parasympathetic innervation of organs of abdominal cavity.

27. The general principles of parasympathetic innervation of organs of pelvis.

28. The central and peripheral parts of sympathetic nervous system.

29. The central and peripheral parts of parasympathetic nervous system.

30. Functional manifestation of sympathetic and parasympathetic organs’ innervation (examples).

Topographical somatic and vegetative innervation of organs.

1. Vegetative and somatic innervation of a sublingual and submandibular salivary gland.

2. Vegetative and somatic innervation of lacrimal gland

3. Vegetative and somatic innervation of the tongue.

4. Vegetative and somatic innervation of small salivary glands of oral cavity.

5. Vegetative and somatic innervation of parotid a salivary gland.

6. Vegetative and somatic innervation of the eye.

7. Vegetative and somatic innervation of heart.

8. Vegetative and somatic innervation a stomach.

9. Vegetative and somatic innervation of an esophagus.

10. Vegetative and somatic innervation of duodenum.

11. Vegetative and somatic innervation of thymus.

12. Vegetative and somatic innervation of a liver.

13. Vegetative and somatic innervation of a large intestine.

14. Vegetative and somatic innervation of a small intestine.

15. Vegetative and somatic innervation of kidneys.

16. Vegetative and somatic innervation of a bladder.

17. Vegetative and somatic innervation of a ureter.

18. Vegetative and somatic innervation of genital organs.

19. Vegetative and somatic innervation of sigmoid colon and a rectum.

20. Trophic innervation of muscles of a trunk. 

21. Trophic innervation of muscles of the limbs. 

22. Vegetative and somatic innervation of lungs.

23. Vegetative and somatic innervation of larynx

24. Vegetative and somatic innervation of trachea. 

25. Vegetative and somatic innervation of suprarenal gland.

26. Vegetative and somatic innervation of a thyroid gland.

27. Vegetative and somatic innervation of a testicle.

28. Vegetative and somatic innervation of ovaries.

29. Vegetative and somatic innervation of a uterus and uterine tubes.

30. Vegetative and somatic innervation of prostate.

Integrative questions

Blood supply, venous and lymph drainage, innervation of walls of oral cavity.

Blood supply, venous and lymph drainage, innervation of tongue.

Blood supply, venous and lymph drainage, innervation of palate.

Blood supply, venous and lymph drainage, innervation of submandibular and sublingual glands.

Blood supply, venous and lymph drainage, innervation of parotid gland.

Blood supply, venous and lymph drainage, innervation of teeth.

Blood supply, venous and lymph drainage, innervation of pharynx.

Blood supply, venous and lymph drainage, innervation of larynx.

Blood supply, venous and lymph drainage, innervation of thyroid and parathyroid glands.

Blood supply, venous and lymph drainage, innervation of nasal mucosa.

Blood supply, venous and lymph drainage, innervation of muscles of mastication.

Blood supply, venous and lymph drainage, innervation of muscles of facial expression.

Blood supply, venous and lymph drainage, innervation of skin and muscles of neck.

Blood supply, venous and lymph drainage, innervation of temporomandibular joint.

Blood supply to brain.

Blood supply to spinal cord.

Blood and nerve supply to dura mater.

Blood supply, venous and lymph drainage, innervation of eyeball.

Blood supply, venous and lymph drainage, innervation of muscles of eyeball.

Blood supply, venous and lymph drainage, innervation of lacrimal gland. 

Blood supply, venous and lymph drainage, innervation of external ear.

Blood supply, venous and lymph drainage, innervation of middle and internal ear.

Blood supply, venous and lymph drainage, innervation of trachea and bronchi.

Blood supply, venous and lymph drainage, innervation of lungs and pleura.

Blood supply, venous and lymph drainage, innervation of heart.

Blood supply, venous and lymph drainage, innervation of pericardium.

Blood supply, venous and lymph drainage, innervation of walls of thorax.

Blood supply, venous and lymph drainage, innervation of diaphragm.

Blood supply, venous and lymph drainage, innervation of esophagus.

Blood supply, venous and lymph drainage, innervation of stomach.

Blood supply, venous and lymph drainage, innervation of small intestine.

Blood supply, venous and lymph drainage, innervation of large intestine.

Blood supply, venous and lymph drainage, innervation of liver and pancreas.

Blood supply, venous and lymph drainage, innervation of kidney. Intraorganic division of renal artery.

Blood supply, venous and lymph drainage, innervation of ureter, urinary bladder, and urethra.

Blood supply, venous and lymph drainage, innervation of walls of abdomen.

Blood supply, venous and lymph drainage, innervation of female genital organs.

Blood supply, venous and lymph drainage, innervation of male genital organs.

Blood supply, venous and lymph drainage, innervation of perineum.

Blood supply, venous and lymph drainage, innervation of muscles of back.

Blood supply, venous and lymph drainage, innervation of muscles of thorax.

Blood supply, venous and lymph drainage, innervation of muscles of abdomen.

Blood supply, venous and lymph drainage, innervation of shoulder joint.

Blood supply, venous and lymph drainage, innervation of elbow joint.

Blood supply, venous and lymph drainage, innervation of radiocarpal joint.

Blood supply, venous and lymph drainage, innervation of muscles and skin of shoulder girdle. 

Blood supply, venous and lymph drainage, innervation of muscles and skin of arm.

Blood supply, venous and lymph drainage, innervation of muscles and skin of forearm.

Blood supply, venous and lymph drainage, innervation of muscles and skin of hand.

Blood supply, venous and lymph drainage, innervation of hip joint. 

Blood supply, venous and lymph drainage, innervation of knee joint.

Blood supply, venous and lymph drainage, innervation of talocrural joint.

Blood supply, venous and lymph drainage, innervation of muscles and skin of pelvis.

Blood supply, venous and lymph drainage, innervation of muscles and skin of thigh. 

Blood supply, venous and lymph drainage, innervation of muscles and skin of leg.

Blood supply, venous and lymph drainage, innervation of muscles and skin of foot.
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