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PREFACE

The creation of the manual “Central Nervous System” in English meets the require-
ment of modern Russian medicine and education. Nowadays many English-speaking
oversea students study in Medical Universities of Russia. Besides, many Russian school
leavers have a good command of the English language so they will be able to use this
manual taking into consideration the fact that many Russian specialists in medicine
work abroad after graduating from the universities or take part in different international
conferences and symposiums.

The English version of the manual is based on the Russian manual by professor I. V.
Gayvoronskiy “Normal Human Anatomy” which has been published in Russia 9 times
and is approved by the Ministry of education of Russia.

This manual introduces the main principles of Russian Anatomy School such as:
detailed study of the general aspects and items of Anatomy including the development
of organs and anomalies of the development. If we compare theoretical approaches to
Anatomy in Russia and in other countries we'll see that our approach is based on the
system descriptions of organs, i.e. we describe separately Skeletal system, Articulations,
Muscular system etc. Moreover, we use Latin terminology while describing the organs
and discuss clinicoanatomical and functional problems. As for the manuals in other
countries many of them describe Anatomical systems in accordance with the regional
and topographical principles.

The structure of our manual meets the requirements of modern standards of medical
education in Russia which in their turn correspond to the major European standards. Af-
ter each chapter we give test questions and clinicoanatomical problems. The English and
Latin terminology is given in accordance with International Anatomical Nomenclature.

The authors strongly believe that the manual will allow future doctors to form the
morphological foundation for the further study of theoretical and clinical disciplines.
We also hope that it will be of great help to Anatomy teachers.



INPEJUCJIOBHE

Coznanue y4yebHOro nocobus «lleHTpanbHas HepBHAs CHCTeMa» Ha aHIJIUICKOM
A3bIKe ABJIAETCS TpeOOBaHMEM COBPEMEHHOH CHCTeMbl MeUIIMHCKOrO 06pa3oBaHUsA
B Poccuu. B HacTosee BpeMsi B MeIMIIMHCKUX YHUBEPCUTETaxX Halleil CTpaHbl 00y4va-
IOTCS CTYZIeHTBI U3 Pa3IMYHbIX PETMOHOB JlaJibHero 3apybexns. Kpome Toro, MHOrHE
BBINYCKHUKU POCCUMCKUX IIKOJI XOPOIIO BJIaeI0T aHIJIMICKUAM A3BIKOM, I03TOMY OHU
TaK)XKe CMOTYT M0JIb30BAThCS JAHHBIM MOCOOKeM, MPHHUMAsi BO BHUMAaHMe, 4TO 3a4a-
CTYIO DYCCKMe CIIeLMaINACThl B MeAMLMHE II0Cie OKOHYaHUA YHUBEPCUTETa ye3XaroT
paboTaTh 3a pyOexx WM MPUHUMAIOT y4acThe B Pa3IMYHbIX MeX/AYHAPOJHBIX KOHOe-
PEHIMAX U CUMIIO3UyMaX.

AHurnmiickas Bepcus mocobusi 6azupyercs Ha PycCKOM ydeOHMKe mpodeccopa
Y. B. TaitBopoHckoro «HopmasibHast aHaTOMUSA YeJIoBeKa», KOTOPBIil ObU1 M3ziaH B Poc-
cun 9 pa3 u onobpen MunucrepcTBoM oO6pasoBanust Poccuiickoit ®enepariyu.

JlaHHOoe mocobre MO3HAKOMUT YUTaTe el C rIaBHbIMU TIPUHIMTAMu Pycckoit aHa-
TOMHYECKO# IIKOJIBI, KOTOPbIe 3aKJIF0YAIOTCS B OAPOOHOM M3yueHHH OBIIUX BOIPO-
COB, B TOM 4YHMCJIe Pa3BUTHs OPTraHOB U aHOMajuii pa3sutud. B Poccuu npenogasanue
aHATOMUU BeZleTcsl ¢ PYyHKIMOHANBHO-KINHAIECKUX MO3ULUI M OCHOBAHO Ha OMHMCa-
HUM OPraHOB II0 CHCTeMaM, T.e. OTZeJbHO U3y4aeTcs OIIOPHO-[ABUIraTebHasA CUCTEMa,
apTPOCUHZECMOJIOTYS, MUOJIOTUA U pyrue cucreMbl. Takke IIpU ONUCAHUM CTPOEHHUS
OpraHoOB aKLeHTUPYeTCs BHUMaHNe Ha JIATUHCKOM TepMUHOJIOTAU. YTO KacaeTcs 3apy-
GeXHbIX PyKOBOJICTB I10 aHATOMUY YeJI0BeKa, MHOTHe U3 HUX OCHOBBIBAIOTCS HA PETHO-
HaJIbHO-TONOrpaduyecKoM MpuHIuIe 6e3 UCTIOTb30BaHNS IATUHCKOM TePMUHOJIOTUH.

CTpyKTypa JaHHOTO OCOOUS COOTBETCTBYET COBPEMEHHBIM CTaHAAPTaM Me/IILHH-
ckoro o6pa3oBaHus B Poccuu, KOTOpEIe, B CBOIO OYepe/ib, COOTBETCTBYIOT BXKHEHIINM
eBpOIeliCKUM cTaHzapTaM. ITociie KaKoi I1aBbl Mbl IPUBOAYM KOHTPOJIbHbIE BOIIPO-
Cbl ¥ CUTyaLIMOHHbIE KIMHUYECKNeE 3a7la4y. AHITIMIACKAA U JIATUHCKAasA TePMUHOJIOTHS
[IpUBeJieHa B COOTBETCTBUY ¢ MeXyHapOJHO! aHaTOMUYeCKON HOMEHKJIaTypO.

ABTODBI BBIPAXKAIOT YBEPEHHOCTD, YTO JaHHOE OCOOMe MO3BOJUT OYAYIIMM JIOK-
TopaM cpopMHPOBATHE MOPHOIOTHIecKUi GpyHIAMEHT ISl TOCTeyIOero u3ydeHus
TeOpeTUYeCKUX Y KIMHUYECKUX NUCHUIUIMH. MBI TaKXe HafleeMcs, 9YTO OHO IIPUHeceT
OIIpeZieJIeHHYI0 MOJIb3Y U IIPeIo/iaBaTelAM aHaTOMUHU YesIOBeKa.



1. GENERAL DATA OF CENTRAL NERVOUS SYSTEM

The nervous system, systema nervosum, is a collection of anatomically and func-
tionally interrelated structures which regulate and coordinate the activity of the body
as a single whole, and the interaction of the organism with the external environment.
It works as an apparatus which perceives the stimuli, analyze them and provides the
body" s response.

The nervous system appeared during evolution as an integrative system, i.e. the sys-
tem which coordinates the functions of all organs and provides the adaptation of the
organism to environmental changes. Unlike the activity of the other integrative systems
(cardio-vascular system provides the humoral integration and the endocrine system pro-
vides the hormonal integration), the activity of the nervous system is very rapid, aiming
and momentary (hundredths of a second pass from the moment of the stimulus appear-
ance to the feeling of the stimulus). Usually, a certain organ reacts to the stimulus, or the
group of the organs. When the action of the stimulus ceases, the response momentarily
stops.

1.1. Classification of Nervous System

According to the topographical and ana-
/) j tomical principles, the nervous system is divided
L\ ¢ into central and peripheral. The central nervous

[ N
' ‘\/ 5 system consists of the brain and the spinal cord; the
‘ peripheral nervous system comprises all the ner-

y vous structures lying outside the brain and the spi-
nal cord. The structures associated with the spinal
cord form the spinal part of the peripheral nervous
system. Here belong the sensory ganglia of the spi-
nal nerves, the roots of the spinal nerves, the trunks
and the branches of the spinal nerves, the plexuses

of the spinal nerves, the ganglia of the sympathetic
3 4 nervous system and nerve endings. The spinal part
provides the innervation of the trunk, limbs, par-
tially of the neck and internal organs.

The structures associated with the brain con-
stitute the cranial part of the peripheral nervous
system. Here belong the sensory ganglia of the cra-
nial nerves, the cranial nerves, the branches of the
cranial nerves, the ganglia of the parasympathetic
nervous system and nerve endings. The cranial part
provides the innervation of the head, partially of
the neck and internal organs. It should be noted
that the division of the central nervous system into
Fig. 1.1. Scheme of the structure of central and peripheral is arbitrary because these

neuron: parts are closely interrelated, anatomically and
1 — cell body; 2 — nucleus; 3 — endings of functionally.
other neurons; 4 — dendrites; 5 — secre- According to the function, the nervous sys-

tory granules; 6 — neurofibrillar appara-  temn is divided into somatic (animal) and autonomic
tus; 7 — axon (vegetative). The somatic nervous system is respon-
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sible for the innervation of the soma (skin, skeletal muscles). The autonomic nervous
system provides the innervation of the internal organs, glands and vessels. In its turn, it
comprises the sympathetic and parasympathetic parts.

The central nervous system includes billions of highly specialized cells, the neu-
rons and glial cells; the glial cells provide the activity of the neurons (support, protect
and perform the trophic function). The neurons are grouped according to their func-
tions into the corresponding cerebral and spinal centres. These centres constantly re-
ceive the impulses from different sensory receptors of skin, muscles, internal organs,
organs of vision, hearing, balance, taste and smell. This information is analyzed by the
central nervous system in fractions of a second to give an appropriate response. When
the central nervous system generates a response, it uses the ability of the brain to store
and release the information which was received previously (memory) at a determined
moment. The greatest achievement of the nervous system, developed during evolution,
is the thinking ability. The thinking activity is the higher nervous activity of the human
body; it is performed as a result of analysis and synthesis of the nerve impulses in the
higher cerebral centers.

The central nervous system also has an own initiative. It actively influences the ves-
sels, muscles and glands, stimulating their work, and it also effects on the sensory or-
gans, regulating their functioning.

Peripheral nervous system connects the spinal cord and brain with the receptors
(sensory apparatuses of the organs) and with the effectors (the apparatuses transmitting
the nerve impulses to the effector organs). In the response to the internal or external
stimuli, the effector organs give the adaptive reactions of the organism, such as contrac-
tion of muscles or discharge of the secretions by the glands.

Somatic nervous system innervates skin, muscles, skeleton, some internal organs
(tongue, pharynx, larynx etc.). It communicates the body as an integrated system with
the external environment. It accepts the stimuli from outside, analyzes them and pro-
vides the response reaction to the external stimuli, controlling the skeletal (striated)
muscles.

Autonomic nervous system innervates the internal organs and blood vessels, con-
trols the action of smooth musculature and the work of the glands. It unites the different
parts of the body into the integrated system and carries adaptive and trophic functions
in the body.

1.2. Neurons

The neuron, or neurocyte, is a structural unit of the nervous system (fig. 1.1).

The neuron consists of a cell body (soma), processes and their endings. There are
two types of the processes: dendrites and axon (neuritis).

The cell body is a mass of cytoplasm (neuroplasm) with a large round nucleus. The
neurons of the autonomic nervous system may have 2—3 nuclei. The number of nucleoli
in the nucleus is 1—3. The increase of the number and size of the nucleoli indicates
the increase of the functional activity of the neuron. The nucleus carries the genetic
information which determines the properties of the neuron and regulates the synthesis
of proteins. The cytoplasm of the neuron contains the organelles of general purpose
(mitochondria, ribosomes, endoplasmic reticulum, lysosomes, Golgi complex etc.) and
specialized structures (neurofibrils, chromatophilic substance and synaptic vesicles).
There are two types of neurofibrils: neurofilaments and neurotubules. In the cell body
the neurofilaments form the network of thin white protein filaments, 6—10 nanometers
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in diameter. In the neuron"s processes the filaments are arranged longitudinally. They
perform a support function, giving a certain form to the cell.

The neurotubules are also formed by the protein filaments having a spiral orienta-
tion. The diameter of the tubules is 20-30 nm, the thickness of the wall is 10 nm. The
neurotubules transport the substances within the neuron.

The chromatophilic substance (Nissl substance) is the condensation of protein (ri-
bonucleoproteins). This substance is found in the cytoplasm of the cell body and den-
drites; it is not observed in the axons.

The synaptic vesicles are situated mainly in the cytoplasm of the axon terminal, but
may be located in the neuronal soma. They contain the mediators (acetylcholine, nor-
adrenaline, gamma aminobutyric acid etc.), which provide the chemical transmission of
the nerve impulse from one neuron to another, or from the neuron to the effector organ.

Externally, the neuron has a membrane, called cytolemma, which determine the lim-
its of the cell and provides the contact of the cell with surrounding environment. Be-
sides, the cytolemma contains much of protein structures that carry out chemoreceptor
function. The cytolemma is able to conduct the nervous excitation (nerve impulse).

There are two types of the neuron processes: dendrites and axon (neuritis); they are
the cytoplasmic extensions. The dendrites conduct the nerve impulse only towards the
cell body. They start to branch near the cell body, then gradually become thinner and
end in the surrounding tissues. The dendrites greatly increase the receptive surface of a
neuron. The number of the dendrites varies from 1 to 10. Rarely, the neurons without
dendrites are observed. Such cells perceive the impulses by the cell body.

Apart from the dendrites, the neuron always has only one axon (neuritis). This pro-
cess is always larger, longer and less branched. It has sparse collateral branches just near
the terminal. There is a correlation between the size of the cell body and length of the
axon: the larger cell body, the longer and larger the axon. The axon conducts the nerve
impulse only away from the cell body. Thus, the neuron with its processes is strictly dy-
namically polarized: the nerve impulse passes towards the cell body via the dendrites and
away from it via the axon.

The neurons differ from each other in shape, size, number of processes and function.

According to the shape of the cell body, the neurons are described as: pyramidal,
piriform, fusiform, polygonal, oval, stellate, round etc.

According to the size of the cell body, three groups of the neurons are distin-
guished: small (4—20 mcm); middle (20—60 mcm) and large (60—130 mcm).

According to the number of the processes, the neurons are classified as (fig. 1.2):
unipolar, bipolar, pseudounipolar and multipolar. In the human nervous system the bi-
polar, pseudounipolar and multipolar neurons are observed most commonly.

According to the function, three groups of the neurons are distinguished in the
reflex arch:

1) receptor (sensory, afferent), having the sensory nerve endings (receptors), which
are able to perceive the stimuli from the internal or external environment;

2) effector (motor, efferent), whose axon terminals have the effectors, which trans-
mit the nerve impulse to the effector organ;

3) association (intermediate), which have the intermediate postion in the reflex arch
and transmit the information from the afferent neuron to the efferent one. The complex
reflex arches may have several association neurons.

The structure and the function of the neurons are interrelated.

For example, the pseudounipolar neurons are receptor (sensory). They perceive
such excitations as pain, temperature changes and tactile stimuli. The bipolar neurons
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are the cells of special senses. They perceive the light, olfactory, auditory and vestibular
stimuli. The small multipolar neurons are association; middle and large neurons, multi-
polar and pyramidal, are motor.

Fig. 1.2. Main types of the neurons:

1 — unipolar neuron; 2 — bipolar neuron; 3 — pseudounipolar; 4 — multipolar neuron; A — axon; B — body;
C — central process; D — dendrite; P — peripheral process

It should be noted that the processes of the receptor neurons (bipolar and pseu-
dounipolar) are not called a dendrite or axon but peripheral and central processes re-
spectively. They have such names due to the position of the processes relatively to the
central nervous system and to the cell body. The peripheral process passes from the cell
body to the periphery, while the central process runs from the cell body to the spinal cord
or the brain.

1.3. Nerve Fibres

The nerve fibres are the neuronal processes ensheated by a glial membrane, which
conduct the nerve impulses.

The neuronal process situated in the center of the nervous fibre is called the axial
cylinder. The axial cylinder is a neuroplasmic extension with contained organelles, sur-
rounded by a membrane called axolemma.

Depending on the presence of the myelin in the glial cell membrane, two types of the
nerve fibres are distinguished: myelinated and non-myelinated. In the myelinated fibres
the glial cell membrane is thicker (forms'/,-%/, of the diameter of the whole nerve fi-
bre); these fibres have white colour due to contained myelin.

The myelinated fibres are divided into three groups according to the diameter: thick
(12-20 mcm), middle (6-12 mcm) and thin (1-6 mcm). The nerve fibre narrows at
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