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The human body is composed of more than 50 trillion cells that form groups, 

specialised in particular functions.  Cell groups of the liver, for example, store fat 

and remove toxins.  Every  organ within the human body has its own specialised cell 
groups.  The human body performs thousands of different functions and uses 

thousands of different cell groups.  To enable smooth working of the human body, 

all cell groups need to communicate with o ne another. You can compare this with a 

world wide multinational company (fig.1).  

 

 

The different plants in different countries 

are specialised in making one product. All 

these products serve one goal of the 

multinational: selling high quality cars.  

Each plant has its own board. The boards 
of the plants in one continent 

communicate with their own continental 

headquarters.  

These different headquarters communicate 
with the central headquarters of the 

multinational.  

All headquarters give information to each  

other but can also receive orders from 
each other.  

All plants report directly to the central 

headquarters and receive also orders from 

it.  

This well organised information  stream up 

and down guarantees a smooth working 

multinational company.  

        Fig. 1: structure of a multinational.  

 

Learning objectives:  

1.  Why the need of a nervous system.  

2.  The general tasks of the nervous system.  

3.  Learning some anatomical terms.  
4.  The essence of the peripheral and central nervous system.  
5.  Some common abbreviations.  

I.  The human nervous sys tem: a large communication system.  
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Let us transfer this multinational system to the human body (fig.2)  

In this figure we replaced the machine 

plants by cell groups with different functions 

like heart, liver and so oné, arranged in a 
completely voluntary  manner.  

You see arrows, connecting these ñcell 

plantsò to the yellow tube, called medula 

spinalis  or in common English: spinal cord.  

These connecting arrows stand for 

peripheral nerves.  

On the top of the medula spinalis you see 

the brainstem , connecting t he medula 
spinalis to the brain.  

The yellow structure (medula spinalis, 

brainstem and brain) forms the central 

nervous system , abbreviated as CNS . 

The black arrows, or peripheral nerves 
represent the peripheral nervous system , 

abbreviated as PNS   

Like in t he multinational model, the organs 

report to their ñlocal headquartersò or they 
can receive messages from these 

headquarters.  

 

Fig. 2: CNS as multinational.  

ü The peripheral nerves carry out this transport.  

Peripheral nerves connect different body parts to  the central nervous 

system.  

ü Peripheral nerves are connected to the central nervous system ALWAYS 
via the spinal cord or brainstem.  

ü Body tissues are connected to the spinal cord, over the peripheral 

nerves, in stages or segments. Segments are levels in the  spinal cord, 

usually corresponding to the vertebra surrounding the spinal cord.  

So, the nervous system is a big information system that can:  

1°: receive and transport information from different cell groups,  

2°: analyse the received information  

3°: send o ut orders back to the different parts of the human body.  

The difference with the multinational model is that the brain cannot communicate 

directly by peripheral nerves with the different ñplantsò or body parts. The 

communication always runs over the medula  spinalis the brainstem.  
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Do you know the answer to these questions?  

1.  What are the 3 main tasks of the nervous system?  

2.  What is the anatom ical name of the spinal cord?  

3.  Can peripheral nerves send messages and receive orders?  

4.  Are peripheral nerves lying in or out of the central nervous system?  

5.  What are the two main parts of the central nervous system?  

6.  Can the brain give direct orders to the di fferent body parts?  

7.  What does the abbreviation CNS mean?  

8.  What does the abbreviation PNS mean?  

 

Find the right answers on pages: 2 5-27 . 

A little summary:  

1.  Peripheral nerves:  

ü Bring messages from different body parts into the central nervous system.  

ü Bring messages or orders from the central nervous system back to the 

different body parts.  

ü These nerves lay outside  the spinal cord and the brain  

2.  The spi nal cord or medula spinalis:  

ü Can receive and send out messages from and to different body parts.  

ü Can send up to the brain and receive back messages or orders.  

ü Lies  in the canal formed by the vertebrae.  

ü Is divided in ñsegmentsò or stages or levels. 

3.  The brai n:  

ü Can receive messages from all body parts.  

ü Can send messages or orders back to all body parts.  

ü The medula spinalis is always the ñrelay stationò between brain and body 
parts.  

4.  Common Abbreviations:  

ü CNS = central nervous system.  

ü PNS = peripheral nervous sy stem.  
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II.1. Anatomy of the neuron.  

 

For all the messages traffic in the nervous system, one unique tool is used: the 

neuron (fig.3).   

 
Fig. 3: the neuron  

Neurons are specially designed and modifi ed cell structures that can carry 

different kinds of messages. Like every other cell structure a neuron has a cell 
body with a nucleus inside. The difference with other cell structures is that the 

cell bodies are prolonged with a tail. This tail is called an ñaxonò.  

II.  The basic anatomical tool: the neuron.  

Learning objectives:  
1.  The anatomy of a neuron.  

2.  How a neuron can transport messages.  

3.  Difference between neuron and peripheral nerve.  

4.  Peripheral nerves ï spinal cord ï brainstem.  
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The difference between a motor neuron and a sensory neuron is that in a motor 

neuron the cell body is on the top of the cell structure. In a sensory neuron the 

cell body is somewhere between beginning and end.  

The axon is a hollow tube with fl uid inside. This fluid contains the necessary 
nutrition for energy supply. But in this fluid there are also chemical substances, 

the so -called  ñneurotransmittorsò.  They flow to the end of the axon and can be 

stored there in ñvesiclesò. 

The cell body and t he axon are  surrounded by a thin layer, called ñthe 
membraneò. In many neurons, but NOT all,  the membrane is covered by small 

blocks of ñmyelinò. Myelin is a structure of fatty acids. These blocks are forming a 

ñmyelin sheathò all over the axon. 

II.2. How messag es are transported over a neuron.  

The membrane, the myelin sheath and the neurotransmittors play an important 

role in ñneurotransmissionò. This means: they conduct and transfer a message 
from one neuron to another, or from one neuron to a group of cells, f or example, 

muscles.  

There are 3 ways for message transport.  

1°: The electrical impulse.  

When a neuron gets a stimulus a current will flow all along the membrane. The 
way this current flows depends on the presence or absence of a myelin sheath 

(Fig. 4).  

 

 

Fig. 4. Neurons with and without a myelin sheath.  

On the left side you see a neuron with a myelin sheath and on the right side 

one without. On a neuron without a myelin sheath the current runs in a steady 

way all along over the membrane of the axon.  

When you have a close look at the myelin sheath over the axon on the left 

figure, you see that the sheath is built up in small blocks, with a space 
between, called: nodes of Ranvier. In such a neuron the current jumps over 

the myelin blocks from one knot to another. Itôs like the current use the nodes 

as a trampoline.  
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It is obvious that the current, jumping across myelin sheaths, can reach the 

end much faster than the current that has to run all the way all along the 

membrane.  

The nervous system is using ñfast conductingò and ñslow conductingò neurons. 
Why it is like that, we will find out later.  

2°: The use of neurotransmittors.  

In the axon there are special chemicals, called ñneurotransmittorsò. These are 

kind of hormones that are capable of stimulating an other neuron or body 
tissue cells, like muscle cells.  These neurotransmittors are stored at the end of 

the neurons in vesicles. These vesicles make the neuron endings look thicker. 

Thatôs why these endings are also called ñterminal buttonsò. 

A neuron can only get a stimulus from a neurotransmittor coming in from 
another neuron or from other cells. A neuron can only bring over a stimulus by 

ejecting neurotransmittors in contact with another neuron or with a group of 

cells like muscle cells.  

Connecting neur ons or neurons connecting to muscle cells are not touching 

each other. There is a space between in which neurotransmittors can flow.  
The connection is called a ñsynapseò and the space in called a ñsynaptic cleftò 

(Fig. 5). You see also on the figure that if 2 neurons are connecting, the first 

neuron is called the ñpresynapticò neuron and the second is called: 

ñpostsynaptic neuronò 

 

Fig. 5. Neuron synapse and synaptic cleft.  
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3°: Transmission by the axoplasmaflow.  

Neurotransmittors flow in the hollow t ube of the axon from the cell body to the 
end, but also from the nerve endings to the cell body. They can stimulate 

nerve endings and cell bodies. This two -direction transport is called 

ñaxoplasmaflowò. It is a very slow way of message transport. 

It is obv ious that a good and smooth axoplasmaflow is necessary for a good 
and smooth neurotransmission. Neurons that are squeezed by surrounding 

structures, the so called ñentrapmentò, provoke strange sensations like ñpins 

and needlesò or ñdead feelingò of the skin or loss of contraction force of 

muscles and even paralysis.  

II.3. Somatic and autonomic neurons.  

In neurology, speaking  about neurons innervating tissues in de musculo -skeletal 

system and in the skin, these are called ñsomatic ò neurons . Speaking about 
neurons for the organs and glands, these are called: ñautonomic ò neurons.  

Somatic neurons can be:  

-  m otor neurons, stimulating skeletal muscles and,  

-  sensory neurons  in bones, tendons, ligaments, muscles  and skin.  

Autonomic neurons can be:  

-  sensory neurons in blood -  and  ly m ph  vessels  everywhere in the whole body ;  

thus :  also in blood -  and lymph  vessels  of the musculo -skeletal system , 

-  sensory neuron s in all org ans and glands,  

-  motor neurons for the stimul ating the special muscles around organs and 

glands , including the muscles around blood -  and lymph  vessels, hair  roots and 

sweat  glands in the skin . 

Autonomic motor  neurons are divided in ñ(ortho) sympathetic ò and 

ñparasympathetic ò motor neurons, depending on their precise function on the 
muscles surrounding organs and glands. I n the NR or MNT training you will 

learn the exact meaning and funct ion of these mot or neurons. But, for now, 

you can remind this:  

o motor neurons for blood -  and lymph vessels, for sweat glands and for 
hai r roots are ALWAYS of the (ortho) sympathetic type , 

o veins are NOT innervated by any motor neurons.  

Conclusion s:  

-   in the musculo -skel etal system and in the skin you find somatic motor 
neurons for the skeletal muscles and autonomic (ortho) sympathetic motor 

neurons  for the blood -  and ly m ph vessels . 

-  In the skin you find sympathetic motor neurons for the h air roots , the sweat 

glands  and sebaceous glands.  

-  In the organs you find both sympathetic  and parasympathetic motor neuro ns.  



 

 
MNT-NR International® .     Pre-course manual    9 

 

 

I.   
 

 

 

 

 

 

 

 

II.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Do you know the answer to these questions?  

1.  How can a neuron receive a message from other neurons or body  cells?  

2.  How is a stimulus transported in a neuron?  

3.  What is meant by the term: axoplasmaflowò? 
4.  What is the synaptic cleft?  

5.  What are nodes of Ranvier?  

6.  What are terminal buttons?  

7.  What do the te rms ñslow conductingò and ñfast conductingò neuron mean? 
8.  For what kind of structures somatic neurons are made for?  

9.  For what k ind of structures autonomic neurons ar e made for?  

 

 
Find the right answers on pages: 2 5-27. 

A little summary:  

ü Neurons are cells with a different structure than other hu man cells.  

ü Besides the cell body or soma, they have a tail called an axon.  

ü The tail is hollow and can transport neurotransmittors, called 

axoplasmaflow.  

ü The membranes of neurons can be covered by blocks of myelin sheaths, 

separated by ñnodes of Ranvierò. 

ü A stimulus can flow steady over a membrane or jump over nodes of 

Ranvier.  

ü This creates ñslow conductingò and ñfast conductingò neurons. 

ü Neurotransmittors are hormone - like chemicals.  

ü They flow in the axoplasmaflow and are stored in vesicles in the nerve 
endi ngs.  

ü Neurotransmittors are needed for message transmission between neurons 

or between neurons and other body cells.  

ü Somatic neurons innervate t he skin and the tissues in the musculo -skeletal 
system . 

ü Autonomic motor neurons innervate muscles from organs and glands and 

also hair roots, sweat glands, s ebaceous glands , blood -  and lymph  vessels . 

ü Only (ortho )sympathetic neurons innervate hair roots, sweat glands and 
sebaceous glands in the skin and blood -  and lymph  vessels.  

ü In the organs and glands inside the body you find both sympathetic and 

parasympathetic  neurons.  
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III.1. What is the spinal cord and what are its tasks?  

The spinal cord or medula spinalis, (Fig. 6) is 

like a tail extending from the brain 

downwards  into the spine. It belongs to the 

central nervous system. Together with the 
brain it is surrounded by a firm tissue, called 

the ñdura materò. 

And together with the brain, the spinal cord  

forms the central nervous system or CNS. 
The main tasks of the spin al cord are:  

1. receiving messages from the body ti ssues 

via the peripheral nerves , 

2. sending messages back to the body 
tissues, again via the peripheral nerves , 

3. sending messages, received from the  

peripheral nerves, up to brain , 

4. receiving messages,  coming down from 
the brain.  

The spinal cord is divided into ñsegmentsò, 

permitting connection with the body tissues 

in ñstagesò. The 4 main stages are roughly 

divided as follows:  

ü Head, neck and arms are connected to 

the segment C1 -T2.  

ü Thorax is connected to segments T1 -

T10.  

ü Lumbar spine and waist are connected 

to L1 -L5.  

ü Pelvis and legs connect to sacral 
segments  

III.   Spinal cord: properties and connection to peripheral nerves.  

 

Learning objectives.  

1.  What is it?  

2.  How it looks like inside?  

3.  About gray and white matter.  
4.  The dorsal, ventral and lateral horn.  

5.  The spinal ganglion.  

6.  The connection with peripheral nerves.  

 

Fig. 6: spinal cord  
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III.2. Inner view in the spinal cord (Fig. 7).  

 

 

Fig. 7: Spinal cord:  view (left) and longitude view (right).  

In a horizontal cut, the spinal cord looks like a rough circle with two identical 
halfôs.  In the middle you see like a butterfly structure. This is called the ñgray 

matterò because, in this structure, you find only unmyelinated neurons, giving a 

grey view. Around the butterfly structure the view is white, called ñwhite matterò 

because it is filled by myelinated neurons.  
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The grey matter structure is not the same over the whole length. But always we 

recognise:  

ü a ñdorsal hornò at the back side, 

ü a ñventral hornò at the front side. 

At two stages  there is also a ñlateral hornò, found between the segments: 

ü cervical 8 (C8) to lumbar 2 (L2),  

ü and also between sacral 2 (S2) and sacral 4 (S4).  

The horns contain different kinds of neurons.  

ü The dorsal horn contains endings from sensory neurons.  

ü The ventr al horn contains:  

o  the cell bodies of motor neurons for the skeletal muscles,  

o and endings of fast conducting myelinated sensory neurons.  

ü The lateral horn contains the cell bodies of motor neurons for organ 

muscles.  

ü In the entire grey matter we find ñinterneuronsò. These little neurons 

connect the different types of neurons between the different horns.  

The dorsal horn plays an important role. It not only sends and receives 
messages but it can ñanalyseò and ñmodifyò these messages before they go 

up to the b rain or before they go into the peripheral nerves.  

 

 
By the way: the anatomical terms for the horns are:  

- dorsal horn = cornu dorsale,  

- ventral horn = cornu ventrale,  

- lateral horn = cornu laterale.  
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In the white matter we find (Fig. 8 ):  

ü Up going bundles of neurons leading to the brain. They transport 

messages from the dorsal horn up to the brain. These bundles of neurons 

are also called ñascending tractsò. 

ü Down going bundles of neurons, leading from the brain to the different 

horns in the different segments.  They transport messages from the brain 

back to the spinal cord segments. These bundles are also called 

ñdescending tractsò 

 

Fig. 8: ascending and descending tracts in the white matter.  

In figure 8, the ascending tracts are blue coloured, and the descendi ng tracts are 

red coloured. Donôt try to understand the names and their meanings. This figure 
is only to make clear that these tracts have their special place in the white 

matter, depending on their function, the type of neuron and the connection 

stages in  the brain. Figure 9 is another look at grey and white matter.  

 

 

 

 

 

 

 

Fig. 9: the medula spinalis.  
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III.3. How neurons are entering or leaving the spinal cord.  

I II.1.1. Sensory neurons.  

Sensory neurons have a special connection with the spinal cord. First, 

remember from page 5, that in a sensory neuron, the cell body or soma is 

somewhere between beginning and end.  

For the sensory neurons, bringing messages from the body tissues into the 
spinal cord, the soma lies in the ñspinal ganglionò or frequently described as 

ñdorsal root ganglionò or in official anatomy terms ñganglion spinaleò (fig. 10) . 

 

 

Fig. 10: sensory neuron and spinal ganglion.  

A ganglion is in fact a ñswitching placeò where neurons can take contact with 

each other. But also, in these ganglia there is a m assive support of blood and 

the bloodstream can deliver other neurotransmittors and hormones. These 
chemicals can stimulate or calm down the cell body. In other words: in the 

ganglion, the incoming stimulus in the dorsal horn can be changed. The 

ñganglion spinaleò is mostly located just in the space or between two vertebrae 

or, again in official anatomical terms: ñforamen intervertebraleò. 
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So, donôt forget, all sensory neurons from body tissues enter the spinal cord 

via the dorsal horn.  

The slow conductin g, non -myelinated neurons, end in the dorsal horn. The fast 
conducting, myelinated neurons end in the ventral horn. BUT!!!! Passing by in 

the dorsal horn, these fast conducting neurons give connecting branches to the 

slow conducting neurons. In this way, t hey can influence these neurons 

( fig.11 ) . 

 

Fig. 11 collateral influence of neurons in dorsal horn.  
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III.1.2. Motor neurons.  

Remember that motor neurons start in ventral horns and in lateral horns. In 
the ventral horn the motor neurons serve skeletal muscles, whilst i n the lateral 

horn they serve organ and gland muscles.  Thus, in  the lateral  horn you have 

autonomic motor neurons and in the ventral horn somatic motor neurons.  

Motor neurons (fig. 12 always have their cell body top. These cell bodies lay in 
the ventral and lateral horn.  

 

Fig. 12 a motor neuron  

The cell body is covered with ñdendritesò which are like sensors connected to 

interneurons or to descending neurons from the brain (Fig.13.  

 

 

Fig. 13 motor neuron in the ventral horn and connecting to a muscle.  

The motor neurons leave the spinal cord via the ventral horn. Even if the 
motor neuron originates from the lateral horn, it still goes via the ventral horn.  
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III.4. Peripheral nerves.  

III.4.1. General overview.  

Peripheral nerves conduct sensory and motor neurons. The origin of these 

neurons is in the spinal cord or medula spinalis and in the brainstem (Fig.14.  

  

Fig.14 pe ripheral nerves from spinal cord and brainstem.  

1.  In the brainstem we have 12 pairs of peripheral nerves . These are 

numbered as  cranial nerves I, II, III, IV, V, VI, VII, VIII, X1, X, XII.  

2.  In the spinal cord the peripheral nerves come out between each pair o f 

vertebrae. So, we have:  

ü 8 pairs of cervical nerves, numbered as C1 to C8,  

ü 12 pairs of thoracic nerves, numbered as T1 to T12,  

ü 5 pairs of lumbar nerves, numbered as L1 to L5,  

ü 5 pairs of sacral nerves, numbered as S1 to S5,  

ü 2 pairs of coccygeal nerves, num bered as Co 1, Co2.  

(Sacral nerves might be restricted to 4 pairs and coccygeal nerves might 

be absent or restricted to 1 pair.)  
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All these peripheral nerves reach the whole body like a network of wires 

(Fig.15).  

 

Fig. 15 The network of peripheral nerves  

In parts around the spine, peripheral nerves form bundles that serv e large 

body parts like arms, waist, and legs. These bundles are called ñplexusò 

(Fig.16.  

The most common known are:  

ü brachial plexus with peripheral nerves from C5 to T2,  

ü lumbar plexus with  peripheral nerves from T12 to L4,  

ü sacral plexus with peripheral nerves from L4 to S2,  

ü pudendal plexus with peripheral nerves from S2 to S4 (or S5).  


