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ABSTRACT
The human body can be divided into different parts. This division is often done to discuss different body
structures and to accurately describe the movement of a part of the body. The human body is usually
described on the basis of three main levels of motion that are perpendicular to each other. A parabolic
surface is a surface that cuts the entire length of the body from front to back. The transverse surface is the
surface that cuts the full length of the body from left to right. A horizontal surface is a surface that cuts the
entire width of the body from right to left as well as from front to back. The horizontal surface divides the
body horizontally into upper and lower halves and separates the two parts. In this article, we will look at
the nervous, muscular, and skeletal systems involved in movement. Understanding the components of the
nervous system without considering the public relations between them is called neuroanatomy and
studying the relations between the components of the nervous system and in fact recognizing the
mechanisms in it is called the physiology of the nervous system. In order to better understand the
physiology of the nervous system, we first point out that this system is composed of three completely
separate and at the same time coordinated parts. This system consists of three parts: Central Nervous
System (CNS), Peripheral Nervous System (PNS) and Autonomic Nerous System (ANS).
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INTRODUCTION
The muscular system consists of 600 to 700 skeletal muscles. Depending on whether a particular muscle is
counted individually or in pairs, it can reduce body mass by 40%. Axial muscles also reduce the skeletal
muscle weight of the axial skeleton by up to 60%. This is in the position of the head and spine and the
movement of the chest when breathing. Skeletal muscles in the muscular system produce heat by
maintaining a position to maintain body temperature and provide the driving force to move the joints and
bones of the body and facial skin. Muscles that play an important role in the bones and joints of the body
and their movement are called primary stimuli or agonists. Muscles that move against the main stimulus
are called antagonists. Muscles that help the first stimulus to produce movement are called synergists.
The skeletal system protects and supports the body against movement, production of blood cells and
storage of important minerals. This flexible internal frame supports all parts and textures, and if it were
not for the skeleton, they would all collapse. The skeleton specifically protects organs such as the brain in
the skull. The balanced skeleton consists of 206 pieces of bone. The number of bones that fuse in the skull
may also vary. Tissue bone is active, and although 22% of it is water, it has a strong yet lightweight and
flexible structure. If we make something completely like a bone with the help of the most advanced
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technologies, it still cannot match it in terms of weight, strength and durability. The skeleton has the ability
to regenerate and repair itself, and if a lot of force is applied to it, it becomes thicker and stronger.
The skeleton is divided into two central and peripheral parts (axial and peripheral): the central part (axial)
including the skull, spine, ribs and sternum and the peripheral part (peripheral) including the shoulder,
arm, forearm, wrist, pelvis, thigh, The legs, knees and feet. The bones of the skeletal system are connected
by fibers, cartilage, and synovial joints. Cognition and understanding of nervous system and skeletal muscle
is crucial both in terms of examining the structure and treatment of related diseases and in terms of
designing and manufacturing up-to-date medical equipment [1-33].
Nervous System
Central Nervous System (CNS)
The CNS means the brain and spinal cord, which is the information center of the environment and the place
of issuance of motor commands and the processing station of fully existing security systems. From 43, the
CNS branches a pair of nerves, 12 of which exit the brain and 31 pairs the spinal cord. These nerves spread
to the organs and tissues and penetrate to every corner. Nerves and their branches make up the peripheral
nervous system. When we talk about PNS, we mean all the nerves related to the sensory system that are
connected to the center from the environment and all the nerves that carry the commands issued by the
CNS to the environment (motor system). In general, PNS is both informing the center (sensory system) and
executing CNS commands, the latter of which is done through the locomotor system. The autonomic
nervous system is the part of the nervous system that controls all the functions related to Visceral Function
and is performed by two categories of nerves including the sympathetic and parasympathetic systems; This
system performs its functions independently of the CNS and PNS (but in coordination with them), which is
called autonomous [34].
The part of the spinal cord that extends from the base of the skull to the second lumbar vertebra, along with
the brain, forms the central nervous system. Objectification of incoming stimuli, changing them if necessary,
performing motor actions, storing information (memory) and finally the production of thoughts and ideas
are among the main tasks of this center. The transmission of peripheral information to the central nervous
system is done by the afferent nerves and is related to various emotions such as heat, light, roughness,
smell, pressure, etc. The connection of the sensory nerves with the central nervous system will help us to
provide the perception of these various emotions and to send appropriate motor responses in special
situations [35].
To complete such a reflex response requires motor nerves. These nerves originate in the central nervous
system and terminate in functional organs such as the striated muscles. By stimulating special motor
nerves, the muscles that lead to these nerves will contract.
Sensory System
The sensory system, with its facilities, enables us to understand all events and happenings and factors
outside our body. On the other hand, man is informed through the sensory system of the state and how his
inner organs function. It is with this sensory information that we can plan our motor actions. Simply put,
the interpretation of action potential is called sense. Therefore, in order for a particular sense to be
perceived, the action potential in the receptor must be created through the stimulus; This action potential
is then transmitted through sensory pathways to a specific center in the nervous system; Finally, this
message is first processed and interpreted in the relevant area (primary sensory area) and then on that
sense (interpretive area and brain) [35].
Sensory Pathways for Transmitting Somatic Signals to the Central Nervous System
Almost all sensory information from body parts enters the spinal cord through the dorsal roots of the spinal
nerves. Sensory signals are transmitted from the point of entry into the spinal cord to the brain through
one of two sensory pathways: the dorsal column back system and the frontal lateral system. The two
systems meet again relatively at the level of the thalamus. The dorsal column system of the midline, as the
name implies, carries signals mainly to the dorsal spines of the spinal cord and then to the thalamus through
the brainstem after synapse and to the bulb of the brain. Conversely, the signals of the lateral anterior
system synapse in the dorsal branches of the gray matter of the spinal cord immediately after entering the
spinal cord through the dorsal spinal roots, then go to the opposite side of the spinal cord and ascend
through the anterior white matter columns to the lateral spinal cord. The lower part of the brainstem ends
in the thalamus.
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The dorsal column backbone system is made up of thick myelinated nerve fibers that transmit signals to
the brain at speeds of 30 to 110 meters per second; the lateral front system, on the other hand, is made up
of smaller myelinated fibers that transmit impulses at speeds of several meters to 40 meters per second.
Sensory information, which must be transmitted quickly and with temporal and spatial quality, is mainly
sent through the back column of the middle bar; while that sensory information that does not require fast
transmission with high spatial quality are mainly sent through the front side system.
Description of the Backbone System - Middle Bar
Thick myelinated fibers arising from specialized mechanical receptors, after entering the spinal cord, divide
through the dorsal roots of the spinal nerves, forming a middle branch and a lateral branch. The middle
branch in the dorsal column rotates first to the middle and then upwards, and goes through the dorsal
column path all the way to the brain. The lateral branch enters the dorsal horn of the gray matter of the
spinal cord and divides frequently, forming terminals that synapse with local neurons in the intermediate
and anterior parts of the gray matter of the spinal cord. These local neurons, in turn, perform three
functions:
a) Most of them remove fibers that enter the dorsal spines of the spinal cord and then travel upward to the
brain;
b) Many fibers are very short and terminate locally in the gray matter of the spinal cord, causing local
spinal reflexes;
c) Other fibers form the cerebellar spinal canal [36].
Figure 1 shows the anatomy of the cord gray matter and of ascending sensory tracts in the white columns
of the spinal cord and Figure 2 presents the spinocerebellar pathways.

Figure 1: Functions of the spinal cord [37].

The nerve fibers that enter the dorsal vertebrae go non-stop to the back of the bulb of the brain, where they
establish spnaps with the dorsal nuclei (Cuneate and Gracile nuclei). From this region, the secondary
neurons immediately cross the midline in the brainstem and go to the opposite side of the brainstem, and
then ascend through the middle bands to the thalamus. As it passes through the brainstem, additional
filaments from the sensory nuclei of the trigeminal nerve attach to the middle band. These strings perform
the same sensory functions that dorsal strings do for the body.
In the thalamus, the fibers of the middle band terminate in the sensory region of the thalamus, called the
basal abdominal complex. From the basal abdominal complex, third-degree nerve fibers go mainly to the
central region of the cerebral cortex, called the somatosensory I region. These fibers also travel to a small
area in the lateral temporal cortex called the somatosensory region II [39].
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Figure 2: The backbone path of the center bar to transmit the exact types of contact signals [38].
Back Column Path - Middle Bar

Transmission of Sensory Signals in the Frontal Side System
The anterior lateral pathway for transmitting sensory signals along the spinal cord and into the brain, as
opposed to the dorsal column pathway, transmits those sensory signals that do not require a high degree
of accuracy in determining the position of the stimulus. Types of transmitted signals include sensations of
pain, heat, cold, raw contact, tickling, and itching.
Lateral Anterior Neural Pathway
The anterior fibers of the lateral spinal cord originate mainly from the blades I, IV, V, and VI (see Figure 3)
in the dorsal branches. These blades are where many of the sensory nerve fibers of the dorsal root
terminate after entering the spinal cord. The lateral anterior fibers immediately travel to the anterior and
lateral columns of the white matter on the opposite side at the anterior interface of the spinal cord, where
they ascend and pass through the anterior spinothalamic and lateral spinothalamic complex to the brain.
The upper terminus of the two spinal-thalamic ducts is mainly doubled: across the reticular nuclei of the
brainstem and in two sets of different thalamic nuclei, the basal abdominal complex and the septal nuclei.
The thalamus is transmitted and terminates in some of the same thalamic nuclei where the dorsal column
contact signals terminate. From here, the signals are transmitted to the somatosensory cortex along with
the signals from the dorsal columns.

Figure 3. Crossection of spinal cord [40].
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Conversely, only a small fraction of the pain signals passes directly to the basal abdomen, but most of the
pain signals terminate in the retinal nuclei of the brainstem, from where they relay to the septal nuclei of
the thalamus, where pain signals are further processed.
Transmission Profile on the Front Side Road
In general, the same principles apply to transmissions in the backbone system of the center bar, with the
exception of the following differences:
Transmission speeds are only one-third to one-half that of the backbone system of the center bar and are
in the range of 8 to 40 meters per second. The degree of spatial localization of signals is poor, the grading
of signals is much less accurate in terms of intensity They are detected in 10 to 20 types, while this figure
is up to 100 types for the backbone system, and the ability to transmit rapidly changing signals with fast
repeating signals is weak [41]. Thus, it is obvious that the front side system of the transmission system is
less accurate than the rear pillar system of the middle bar. However, some types of emotions are
transmitted only in this system and in no way in the back bar system of the middle bar.
The Place of Interpretation of Feelings
Each station (relays) has the ability to interpret senses and messages. But each one gives meaning to the
message received according to their abilities, and the higher we go, the better, more accurate and more
complete the concept becomes. In other words, the process of processing signals is done in the upward
path, and it is certain that the higher we go, the more and more comprehensive this processing will be (in
fact, the synapse in the neural centers of this processing takes place).
Spinal Cord and Medulla Oblongata
In the spinal cord, as the first station in the lateral anterior pathway, the relevant senses are briefly
interpreted and analyzed (spinal reflexes are also formed here). In the medulla oblongata, due to the
presence of important motor nuclei, there is not much interpretation for the senses and the interpretation
is brief and partial.
Thalamus
After the spinal cord and the medulla oblongata, the thalamus is another important station. In the thalamus,
the senses of heat, general contact (raw) and pressure are closely examined. In addition, all the senses,
including the special senses and the senses of the body (except the sense of smell) enter the thalamus and
then go to the cerebral cortex. In this section, some senses are interpreted and analyzed. The thalamus
stores all the information about the senses and provides it whenever the sensory cortex of the brain needs
it [42].
When the human sensory cortex is destroyed, that person loses most of his or her precise senses of contact,
but regains a slight degree of raw tactile sensation. Therefore, it must be assumed that the thalamus (as
well as other lower centers) has a slight ability to clear the sense of touch, although the thalamus is normally
moving mainly this type of information to the cerebral cortex .Conversely, the absence of the
somatosensory cortex has little effect on the perception of pain and only a moderate effect on the
perception of temperature. Therefore, there are many reasons to believe that the lower brainstem,
thalamus, and other areas of the brain base play a major role in clearing these types of emotions.
Interestingly, these feelings appeared very early in the evolution of animals. While the sensations of contact
and the precise body sensory cortex arose later.
Dynamic System
In this system, all voluntary movements of the body are controlled. In general, the locomotor system begins
in the motor cortex of the brain (in the frontal lobe) and ends in the corresponding muscle (effector). Most
voluntary movements initiated by the cerebral cortex are performed by cortical activation of stored action
patterns in the lower regions of the brain in the spinal cord, brainstem, basal ganglia, and cerebellum, and
these lower regions in turn send specific activating signals to the muscles. they will send it. But for a few
types of movement, the cerebral cortex has an almost direct path to the neurons of the lateral horn of the
spinal cord, especially to control the subtle movements of the fingers and hands without passing through
other centers of motion. Three areas of the nervous system control the entire motor system in the body:
the spinal cord, the brainstem, which consists of several separate parts, and the motor cortex of the brain.
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The Motor Cortex of the Brain
In front of the central cortical groove is the motor cortex, which occupies approximately one-third of the
dorsal frontal lobes. Behind the central groove is the somatosensory cortex, which feeds several signals to
the motor cortex to control motor activity. The motor cortex itself is divided into three separate areas, each
of which has a topographic image of the muscle groups and specific motor functions of the body: (1)
primary motor cortex, (2) pre-motor cortex and (3) areas Annexed motion.
Transmission of Signals from the Motor Cortex to the Muscles
Motor signals are transmitted directly to the spinal cord via the cortical-spinal pathway and indirectly
through multiple sub-pathways involving the basal ganglia, cerebellum, and various nuclei of the
brainstem. In general, straight paths are more concerned with small, precise movements, especially in the
extremities of the limbs, especially the hands and fingers.
Corticospinal (pyramidal) Pathway
The most important exit route from the motor cortex is the cortical-spinal path (see Figure 4), which is also
called the pyramidal path. The spinal cortical pathway begins in about 30% of the primary motor cortex,
30% of the pre-motor and attachment areas, and 40% of the somatosensory areas behind the central
groove. The pyramidal pathway leaves the cerebral cortex through the dorsal arm of the inner capsule
between the caudate nucleus and the putamen, which are part of the basal ganglia, and then passes
downward through the brainstem to form the onion pyramids of the brain. Most of the pyramidal fibers go
in the opposite direction and descend in the lateral cortical-spinal pathways located in the spinal cord, and
finally terminate mainly in the intermediate neurons in the intermediate areas of the gray matter of the
spinal cord. The dorsum of the spinal cord and a very small number terminate directly on the motor
neurons of the lateral horn of the spinal cord that cause muscle contraction.
A few of the fibers in the medulla oblongata do not go to the opposite side, but go down the same side
through the abdominal cortical-spinal pathways in the spinal cord, but many of these fibers also go to the
opposite side of the spinal cord, either in the neck or in the upper chest area. These fibers may be involved
in controlling bilateral postural movements by the attached motor area. The most interesting fibers in the
pyramidal path are a population of thick myelinated fibers with an average diameter of about 16
micrometers. These fibers start from giant pyramidal cells called Betz cells, which are found only in the
primary motor cortex.
These cells are about 60 micrometers in diameter, and their fibers transmit nerve impulses to the spinal
cord at a rate of about 70 meters per second, which is the fastest speed for the transmission of signals from
the brain to the spinal cord. In each pyramid path there are approximately 34,000 thick fibers of Betz cells.
The total number of fibers in each cortical-spinal tract is more than one million, so these thick fibers make
up only about three percent of the total fibers. The remaining ninety-seven percent are mainly fibers less
than 4 micrometers in diameter that carry background tonic signals to the motor areas of the spinal cord.
Spinal Cord
In general, the spinal cord is composed of two parts, Gary Matter and White Matter, which participate in
two general and basic functions of the spinal cord:
First, the centrality of spinal reflexes in gray matter; This means that the gray matter of the spinal cord can
play a role as a nerve center in regulating spinal reflexes.
Second, the passage of various sensory and motor information in the white matter of the spinal cord; This
means that all the motor commands from the nerve centers above the white matter of the spinal cord end
up in the relevant muscles, and on the other hand, all the sensory information of the lateral and upper limbs
and parts of the abdomen and chest reaches the higher nerve centers through the white matter of the spinal
cord.
In each spinal segment, three types of motor, sensory, and interface (or mediating) neurons can be
identified. Motor neurons exit the spinal cord and reach the relevant muscle, sensory neurons enter the
spinal cord from behind, and connective neurons are present in the gray matter of the spinal cord.
As presented in Figure 5, three types of spinal nerve path are:
a) Descending, which are in fact the same paths of movement and travel from top to bottom.
b) Ascending pathways which are sensory pathways and travel from the bottom up.
c) Intersegmental pathways that communicate between different segments of the spinal cord.
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Figure 4: Corticospinal tract conveying motor signals from motor cortex to skeletal muscles [43]

Figure 5. Sympathetic nervous system pathway [44]

Brain Stem
The medulla, pons, cerebellum and part of the hypothalamus are located in brain stem and this area
continues below the thalamus. In this section, there are a number of motor nuclei such as the nuclei related
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to respiration, digestion, heart and circulation, some of which are voluntary and some of which are
involuntary. These valuable nuclei are located in Medulla and Pons. There are other nuclei in the brainstem
that are collectively called the maintenance motor system; the nuclei of the red nucleus, the reticular
nucleus, and the vestibular nucleus are in this category. These nuclei are called retaining motion systems
because they are active in a static state (a stationary state where there is no active and rapid movement).
To do this, the presence of these three nuclei is sufficient and the pathways that travel from the brainstem
to the spinal cord can cause the related muscles to contract. So when the person is sitting or standing, the
midbrain is active; In fact, the midbrain is an important factor through which higher brain centers can
perform their voluntary actions. The major parts of the midbrain are the Reticular Formation, the
Vestibular, and the Cerebellum.
Cerebellum or Small Brain
This organ is called the cerebellum because it can record many of the brain's motor functions and perform
them after learning. Anatomically, the cerebellum, like the cerebellum, is composed of gray cortex on the
surface and subcortical fibers and two hemispheres, right and left.
The cerebellum is structurally divided into three parts:
a) Folocculonodular whose main function is to establish equilibrium.
b) Vermis, its job is to maintain position.
c) Hemisphers, its task is to create coordination.
There are three types of neurons inside the cerebellum:
a) Sensory Neurons: Sensory neurons have short axons and long dendrites and, due to their appearance,
are responsible for transmitting messages from organs to the cell body. Sensory neurons are activated
when we put our hands on a hot body and feel a burn.
b) Purkinje Cell: It has extremely large dendrites and through it communicates with all the input sensory
neurons; This causes extremely complex cerebellar movements. The number of synapses that a Purkins
cell can have is about 200,000, which is a very high number in terms of synapses.
c) Motor Neurons: To perform motor function correctly, the motor area of the cerebral cortex is first
programmed and then this program is sent to the muscles to perform. Each time the brain does this, the
cerebellum receives a copy of the above design as an intermediary. When the operation is performed by a
muscle, the applied image is reflected back into the cerebellum, and the cerebellum compares the design
and execution and then reflects it to the brain. The brain makes the necessary corrections and sends them
to the muscle and cerebellum, sending the final message to the cerebellum.
Once the pattern is fixed inside the cerebellum, the cerebellum can intervene in the execution of the action
by the muscle and prevent the brain from ordering sequentially; Because there is no need for these
commands. This is why, if the plan is executed repeatedly, the cerebral cortex no longer needs to be
involved and the cerebellum does it (in fact, the cerebellum is like a mirror in front of the brain). In short,
the cerebellum, as the main organ for maintaining balance, records motor functions and performs them
without learning, involving the cerebral cortex; That is, it establishes perfect coordination between the
motor organs planned by the cerebral cortex.
It should be noted that, in general, each cerebellar hemisphere is divided into two practical parts: (see
Figure 6)
a) Intermediule, which deals with the control of muscle contractions in the distal parts of the upper and
lower limbs, especially the hands and fingers and the feet and toes.
b) Lateral area, which is the lateral area that is responsible for the overall planning of consecutive
movements, and most of the movement activities that require timing and planning are controlled in this
section .
Cerebellar Neuronal Circuit
The cerebellum has almost 30 million functional units. The cerebellum is made up of two parts, the cortex
and the deep nucleus. The cerebellar cortex has three layers called the Molecular Layer, the Purkinje Cell
Layer, and the Geranular Cell Layer. Cerebellar afferent inputs are mainly divided into two types of climbing
fibers and Mossy Fibers. As shown in Figure 1-7, both pathways first enter the deep nuclei, stimulate it, and
then enter the cerebellar cortex without interruption and rapidly; Ascending fibers ascend to the Purkinje
cell layer and Mossy Fibers ascend to the granular cell layer, establishing a stimulatory synapse with these
cells; The axons of granular neurons, in turn, move upward to the cerebellar cortex, forming parallel fibers
in the layer of molecular cells that form a synaptic stimulus with the dendrites of Purkinje cells, which are
drawn into the molecular layer due to their large size and branching. Thus, in the cerebellar cortex, the
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necessary analysis is performed on the transmitted information. The axon of Purkinje cells, as the output
of the cerebellum, immediately returns to the deep nuclei; In fact, the deep nuclei of the cerebellum had an
initial excitatory input and received an inhibitory output from the cerebellar cortex. The result of this
stimulation and inhibition is the output of the cerebellar neuronal circuit. In other words, all the outputs of
the cerebellum are separated from the corresponding deep nuclei and go to their targets.

Figure 6. Functional divisions of cerebellum [45].

Figure 7. Cerebellar cortical circuits [46].

Basal Ganglia (BG)
These nuclei, which are made of Telencephalon, are located under the inner cortex of the brain and play a
very important and decisive role in motor functions. This is why any disturbance in these nuclei will cause
specific obvious motor complications. These cores have the following parts:
The basal ganglia of the brain do two major things: they plan motor actions and coordinate motor actions.
We will now briefly describe the above actions:
Design of motor actions means that if the motor cortex of the brain does not interfere; BG will undertake
the design of motor functions. To perform an action, even in the presence of the motor cortex, the design of
some motor actions is the responsibility of the BG. Thus we can say that in some animals, such as birds,
which do not have a cerebral cortex, all motor functions are performed by BG; In other words, after the
cerebral cortex, BG is the main center for designing and planning motor exercises. Basically, parts of
Forbrain cores, especially Caudate, are more involved in design [47].
The Relationship between Sense and Movement
Sensory information enters the primary somatosensory region from different areas such as the thalamus
and after evaluation goes to the secondary somatosensory region, and after interpretation and
identification, it is communicated to the preimmune region. After projection, they go from the pre-motor
area to the primary motor area and from there to the spinal cord, and then are communicated to the muscle
through the corticospinal or pyramidal pathways [48].
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2.2 Peripheral Nervous System (PNS)
The peripheral nervous system includes the sensory and motor nerves. The motor nerves themselves
include the somatic and autonomic nerves. The cell body of peripheral nerve cells is located inside the
central nervous system or inside the ganglia. Each peripheral nerve is covered from the outside by a
connective tissue called the epineurium, through which the arteries pass. Extensions of this tissue called
the perineurium enter the nerve and enclose a bundle of nerve fibers. Then a more delicate extension of
this connective tissue, which contains a number of fibroblasts and capillaries, called the endonorium,
surrounds each nerve fiber. In the nerve cross section, the connective tissues of epineurium, perineurium
and endonorium are visible under a microscope while transporting blood vessels [49].
Axons are neural extensions that lack the ability to make proteins, and axon life depends on the transport
of substances from the cell body, which is called axonal transport. In the process of axonal transport, the
synthesized proteins, including enzymes, membrane lipoproteins, neurotransmitters, structural proteins,
as well as synaptic vesicles, mitochondria, and other cellular components formed in the cell body are
transported to the axonal terminals. Based on the study of the dispersion of proteins labeled with
radioactive amino acids, there are three types of axonal translocation [50]:
a) Slow forward transmission: Most proteins move at a rate of about one millimeter per day along the axon.
These molecules are mainly composed of structural proteins and include subunits of neurofilaments and
microtubules and microfilaments and are transported by a slow current to the peripheral terminal of the
nerve called the slow forward stream.
b) Fast forward transfer: Another type of axonal transfer is fast forward transfer in which smaller proteins
are transferred and have a speed between 250 to 400 mm per day. Synaptic vesicles are transported from
the cell body to the axon terminal in this way.
c) reverse transfer: transfer in the opposite direction, ie from the synaptic terminal to the body of the cell
also occurs, which is called reverse transfer or retrograde. Materials that are transported retrograde
include growth factors and proteins that are absorbed by extracellular fluid by axonal terminals and go to
the perikaryon or soma. The rate of retrograde transfer varies, but most materials move at two-thirds the
speed of the fastest component of the retrograde transfer.
The peripheral nervous system provides the connection between the central nervous system and all parts
of the body. Peripheral nervous system nerves transmit information to the brain and spinal cord. Sensory
information generated by various receptors throughout the body is transmitted to the spinal cord and brain
by the peripheral nervous system. Receptors on sensitive organs and skin monitors change in the external
environment, while they respond to the internal environment in blood vessels, glands and organs of the
body. During movement, propionates are activated in muscles and joints by changing body position. All this
information is transmitted to the central nervous system in the peripheral nerves. Movement commands
are transmitted from the brain and spinal cord by the peripheral nervous system to skeletal muscles to
perform movements.
In the same way, activity in the organs and glands is regulated to maintain a constant internal environment.
All nerves in this system contain axons of sensory and motor neurons that are connected by connective
tissue. There are two functional classes of axons in peripheral nerves. The third component includes all
sensory and motor axons related to activity in muscles, joints, and skin.The twelve pairs of cranial nerves
whose body cells are located in the brain are most clearly seen in a single view of the brain. Pairing of
cranial nerves is seen at irregular intervals as a result of compression of the fetal neural tube in brain
development.
The nerves of the spine consist of 31 pairs of nerves that exit the spinal cord. Each pair of spinal nerves
appears through the intervertebral canal adjacent to the intervertebral disc. The lower end of the spinal
cord is at the level of the disc in adults .The peripheral nervous system consists of a set of nerve fibers
(axons and dendrites) and a number of cell bodies called nodules that are scattered throughout the body.
This system consists of 12 pairs of cerebral nerves and 31 pairs of spinal nerves [51].
Cerebral Nerves
There are 12 pairs of cerebral nerves whose nucleus are located in the brainstem except for the first and
second pairs in the brain and leave the brain through the cranial holes. All of these nerves are distributed
throughout the head and neck. Except for the tenth pair nerve, this spreads to the chest and abdomen in
addition to the head and neck.
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The olfactory, visual, and atrial cochlear nerves are fully sensory. These nerves transmit the relevant senses
to the central nervous system. The common stimulus nerves of the eye are pulmonary, external stimulus of
the eye, sub-shock, and sublingual fully motor. These nerves carry nerve messages from the central nervous
system to the muscles and glands. The rest of the cerebral nerves have both sensory and motor fibers
(mainly abnormal movements and glandular secretions) [52]. Figure 8 shows the cranial nerve nuclei, on
left side of image presented the sensory nuclei and on right side shown the motor nuclei of the dorsal brain
stem.

Figure 8. Cranial nerves and cranial nerve in sensory and motor nuclei [53].

Spinal Nerves
There are 31 pairs of spinal nerves that leave the spinal cord and pass through the holes between the
vertebrae of the spine and are named according to location. Each spinal nerve is connected to the spinal
cord by two lateral and dorsal roots. The lateral root protrudes from the anterior horn of the spinal cord.
These nerve fibers are called efferent or motor fibers. The dorsal root terminates in the dorsal horn of the
spinal cord, and in their path there is the ganglion, where the first sensory nerve cell body accumulates.
Since each spinal nerve arises from the union of the lateral and dorsal roots, it has both motor and sensory
fibers, so the spinal nerve is a mixed nerve. The spinal nerve divides into lateral and dorsal branches
immediately after leaving the intervertebral foramen. The lateral horns, which are more wound, form
neural networks in the cervical, lumbar, and sacral regions and in the thoracic region are called intercostal
nerves. The dorsal branch, which is thinner, recedes and irritates the skin of the back muscles. Each spinal
nerve, in addition to sensory and motor fibers, has sympathetic fibers for the hair straightening muscles,
sweat glands, and vascular wall.
As presented in Figure 9, the spinal nerves are divided into the following groups:
a) Cervical spinal nerves: they are 8 pairs and are shown as C1-C8. These nerves participate in the formation
of efferent cervical and arm networks.
b) Chest nerves: they are12 pairs and are shown as T1-T12. These nerves are located in the intercostal
spaces and innervate the muscles of the chest, abdomen, and skin. The first thoracic nerve participates in
the brachial plexus.
c) Lumbar nerves: they are 5 pairs and are shown as L1-L5. These nerves participate in the formation of
lumbar and sacral networks.
d) Sacred nerves: they are 5 pairs and are shown as S1-S5. These nerves participate in the formation of
sacral networks and tailbones.
e) Coccygeal nerves: they have only 1 pair and are represented as C0. These nerves participates in the
formation of the tail network.
There are 7 cervical vertebrae for 8 cervical spinal nerves, and there are also 3 or 4 cervical vertebrae for
one cervical nerve. The skin covering the whole body is innervated by the spinal nerves. The area of skin
that is innervated by a spinal nerve (a piece or spinal segment) is called a dermatome [54].
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Figure 9. Sensory dermatome maps [55].

Muscular System
Life requires movement and movement requires muscle tissue. There are more than 600 muscles in the
human body, which make up about 40% of the body weight. Muscles generally do three major things in the
body: create movement, generate heat, and maintain body posture.
Muscle tissue is divided into three categories in terms of structure and movement:
Voluntary or Skeletal Striated Muscles
Muscles are voluntary and capable of rapid contraction and are known as skeletal muscles because they
attach more to bones.
They are also red due to the large vascular network and pigment called myoglobin. Each muscle cell is
covered by a connective tissue called the endomysium. A number of muscle fibers are gathered together in
a connective sheath called the perimysium to form a muscle bundle, and eventually a number of muscle
bundles are surrounded by a connective sheath called the epimysium to form a muscle .Each myofibre has
transverse lines that appear as dark bands (A band) and light bands (I band) under a light microscope. Two
are called sarcomeres, which are the structural and practical units of striated muscle. In fact, muscle
contraction is the shortening of the length of each sarcomere. In other words, the contraction of each
skeletal muscle is the result of contraction in its sarcomeres.
Involuntary or Cardiac Striated Muscles
It is an involuntary muscle and is structurally similar to skeletal muscle, but it has the same nerve function
and function as smooth muscle. Cardiac muscle cells are connected to adjacent muscle cells by a
communication plate.
Involuntary Smooth Muscle
There are involuntary muscles that are mostly found in the walls of the viscera and arteries, which is why
they are also known as visceral muscles. The smooth muscle fibers are intertwined and seen as reticulate.
The smooth muscles act automatically and their activity is regulated by the sympathetic and
parasympathetic nerves.
Skeletal Muscle
The main building block of skeletal muscle is muscle fiber. Muscle fibers are bundled together to form a
complete muscle that is connected to the bones by fibrous connective tissue. When tension is created in a
muscle, its end is pulled toward the center of the muscle, and the muscle contracts lengthwise and part of
the body moves. A body part may be moved by gravity or by an added weight.
Structure and Shape of Skeletal Muscle
Muscles are made up of contractile units called muscle cells. The muscle cell has a membrane called the
sarcolemma and a cytoplasm called the sarcoplasm. Inside each cell are tiny filaments called myofibrils (see
Figure 10). The structure of a muscle is a combination of muscle and connective tissue, both of which
contribute to muscle function. In a muscle, a bundle of muscle contractile fibers is bound by fibrous
connective tissue to form a fascicle. Another layer of connective tissue connects the fascicles to each other
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and an outer layer surrounds the entire muscle .The entire connective tissue element located between the
muscle contractile fibers is known as the parallel elastic component. The tension created in the muscle
depends on the tension in the fibrous connective tissue fibers and in the parallel elastic component. The
fibrous connective tissue, for example a tendon, which connects all the muscles to the bone, is known as
the secretory elastic component. The initial tension created in a muscle compresses the elastic component
of the head, and then the muscle can contract.

Figure 10. Skeletal muscle structure [56]

Spinal Cord Motor Functions (Spinal Reflexes)
As we have already seen, sensory information is collected at all levels of the nervous system and triggers
appropriate motor responses, starting with relatively simple reflexes in the spinal cord and extending to
more complex responses in the brain stem and eventually reaching the brain where the most complex
responses Are controlled. Without spinal cord-specific neuronal circuits, even the most complex motor
control systems in the brain cannot cause any muscle or target movement. For example, there is no neural
circuit anywhere in the brain that causes the specific forward and backward movements of the legs that
are required to walk. Rather, neuronal circuits are located in the spinal cord for these movements, and the
brain only sends command signals to the spinal cord to activate the gait process. However, the role of the
brain should not be underestimated either, as the brain is instructed to control consecutive spinal activity,
to advance rotational movements if needed, to bend the body forward during acceleration, to change the
movement from walking to jumping in the face issues the need for continuous monitoring and balance
control. All of this is done through the analytical and grammatical signals produced in the brain. But it also
requires multiple spinal neuronal circuits that execute these commands themselves. These circuits, in turn,
provide all direct muscle control except for a small portion.
Organization of Spinal Cord for Motor Actions
The gray matter of the spinal cord is the collecting area for spinal reflexes. The Figure 11 shows the
organization of the gray matter of the spinal cord into a piece of spinal cord. Sensory signals enter the spinal
cord almost entirely through the dorsal sensory roots. After entering the spinal cord, each sensory signal
travels to two separate destinations:
a) A branch of the sensory nerve terminates almost immediately in the gray matter of the spinal cord,
causing localized reflexes and other local effects.
b) The other branch sends signals to higher levels of the nervous system, that is, to higher levels in the
spinal cord, brain stem or even the cerebral cortex.
Each piece of spinal cord (at the level of each spinal nerve) has several million neurons in its gray matter.
A part from sensory relay neurons, other neurons is divided into two types of anterior motor neurons and
medial neurons [57].
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Figure 11. Peripheral sensory fibers and anterior motor neurons innervating skeletal muscle [58].

Muscle Spindle
The spindle is a skeletal muscle inside the skeletal muscle that contains a capsule of connective tissue, each
of which has three to twelve small, thin muscle fibers in its structure. Extracranial fibers are called extra
spindle fibers, and spindle fibers are called intracranial fibers. The number of muscle spindles varies
depending on the type of muscle in the body. In some muscles there may be as many as a few hundred. The
length of the spindles is short (for example, one centimeter or less), so spindle fibers are small unlike
skeletal muscle fibers (extra spindle fibers). Each spindle is pointed at the two end regions and is attached
to the epimysium by the spindle fibers (skeletal muscle).
The muscle spindles that propagate inside the muscle transmit messages to the nervous system that are
related to changes in muscle length and the rate at which these changes occur. Both spindles, like the Golgi
tendon, contain muscle traction receptors whose sensory fibers play an important role in locomotor
control.
Proper control of muscle function requires not only stimulation of the muscle by the motor neurons of the
lateral horn of the spinal cord but also continuous sensory feedback information from each muscle to the
spinal cord that gives the muscle state at all times. That is, what is the length of the muscle, what is its
instantaneous tension, and how fast are the length or tension of the muscle changing?
Muscle spindles that are distributed throughout the muscle and send information to the nervous system
about the length of the muscle or the rate at which it changes length and the Golgi tendon organs located in
the muscle tendons that send information to the nervous system about tension or the rate at which blood
changes.
The signals emitted by these two receptors are completely or almost entirely for the sole purpose of
controlling the muscle itself, as they operate almost entirely on an unconscious level. However, these
signals carry large amounts of information not only into the spinal cord but also into the cerebellum and
even the cerebral cortex, helping each of these parts of the nervous system to function in controlling muscle
contraction [59].
Structure and Motor Denervation of the Spindle
Muscle spindle organization is shown in Figure 12. Each spindle is 3 to 10 mm long. Each spindle is formed
around three to twelve very small interstitial muscle fibers that are pointed at both ends and attach to the
glycocalyx of the large skeletal muscle fibers outside the surrounding spindle. Each fibula inside the spindle
is a very small skeletal muscle fiber, but the central part of each of these fibers (the middle area between
its two ends) either lacks actin and myosin filaments or contains a small amount of these filaments.
Therefore, when the two ends of the fiber inside the spindle contract, this central part does not contract
but acts as a sensory receptor. The end-to-sphincter muscle fibers that contract are stimulated by small Agamma motor nerve fibers that originate in the small gamma motor neurons in the anterior branches of
the spinal cord. These gamma motor neurofibers are also called Gamma Efferent peripheral fibers to
distinguish them from alpha-thick peripheral fibers (A-alpha nerve fibers) that stimulate extra spindle
skeletal muscle fibers [60].
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Figure 12. Muscle spindle function [61].

Muscle Spindle Sensory Denervation
The spindle receptor is the central part where the muscle fibers inside the spindle lack the contractile
elements myosin and actin. As shown in Figure 13, sensory fibers originate in this region. These fibers are
stimulated by stretching this part in the middle of the spindle. It is easy to see that the spindle receptor can
be stimulated in two ways:
a) Elongation of the entire muscle will stretch the middle part of the spindle and thus stimulate the
recipient.
b) Even if the length of the whole muscle changes, the contraction of the end portions of the fibers inside
the spindle will stretch the middle part of these fibers and thus stimulate the receptor.
Two types of sensory terminals are found in this central spindle receptor region: the primary terminal and
the secondary terminal.
Primary terminal: In the center of the receptor region, a thick nerve fiber surrounds the central part of each
fiber inside the spindle and forms the primary terminal or helical ring terminal. This type Ia nerve fiber has
an average diameter of 17 micrometers and transmits sensory signals to the spinal cord at a speed of 70 to
120 meters per second, the same speed as any type of nerve fiber throughout the body.
Secondary terminal: Usually one but sometimes two narrower nerve sensory fibers with an average
diameter of 8 micrometers innervate the receptor region on one or both sides of the primary terminal. This
is the sensory end called the secondary terminal. This terminal sometimes surrounds the fibers inside the
spindle in the same way as fiber Ia, but often expands like the branches of a plant.

Figure 13. Muscle spindle and its relation to the large extrafusal skeletal muscle fibers [62].
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Muscle Tensile Reflex
The simplest manifestation of spindle muscle function is muscle stretching reflex. Whenever a muscle is
stretched, the stimulation of the spindles causes the reflex contraction of the large skeletal muscle fibers to
be stretched, and the synergistic muscles with which they are closely united.
Muscular Spindle Reflex Neural Circuit
Figure 14 shows the basal traction reflex circuit of the spindle and also presents a type Ia proprioceptive
nerve fiber that starts in a spindle and enters a dorsal root of the spinal cord. A branch of this fiber then
goes directly to the anterior horn of the gray matter of the spinal cord and synapses with the anterior motor
neurons, which send the nerve fibers back to the same muscle from which the spindle fiber originated.
Thus, it is a monosynaptic pathway that allows a reflex signal to return to the same muscle with the shortest
possible delay after stimulating the spindle. Most of the type II fibers of the spindle terminate in the various
mediating neurons in the gray matter of the spinal cord, and these neurons send delayed signals to the
anterior motor neurons or are used for other functions.

Figure 14. Muscle stretch reflex [63].

Dynamic Tensile Reflex and Static Tensile Reflex
Tensile reflex can be divided into two parts: dynamic tensile reflex and static tensile reflex. Dynamic tensile
reflex is generated by a powerful dynamic signal that is transmitted through the primary terminals of
muscle spindles due to rapid muscle tension or action. This means that when the muscle is suddenly
stretched or relieved, a strong signal is sent to the spinal cord, which causes the strong reflex contraction
or contraction of the same muscle from which the signal started to contract. Thus, the action of this reflex
is to counteract sudden changes in muscle length.
The dynamic tensile reflex ends in a fraction of a second after the muscle is stretched or relaxed to a new
length, but then a weaker static tensile reflex continues for a long time thereafter. This reflex is triggered
by continuous signals from static receivers transmitted from both primary and secondary terminals. The
importance of a static tensile reflex is that it causes the degree of muscle contraction to remain reasonably
constant, except when a person's nervous system specifically has a different will.
Reduction of Dynamic and Static Tensile Reflexes
A particularly important action of the stretching reflex is its ability to prevent body movements from
oscillating or jumping. This is a damping or smoothing action.
Mitigating mechanism in softening muscle contraction
Signals from the spinal cord are often sent unevenly to the muscle, meaning that first the intensity of the
signals increases for a few milliseconds, then decreases, and then changes to intensity. When the spindle
apparatus does not function satisfactorily, muscle contraction occurs during such a jump signal. This
operation is shown in Figure 15. In curve A, the spindle reflex of the stimulated muscle is intact. Note that
muscle contraction is relatively smooth and uninterrupted, even though the sensory nerve is stimulated at
a slow rate of eight per second. Curve B shows the same experience in an animal whose sensory nerves of
the muscular spindles were severed three months before the experiment. Note the uneven muscle
contraction in this curve. Thus, curve A graphically shows the power of the spindle-relieving mechanism to
smooth muscle contractions even though the signals entering the musculoskeletal system may themselves
be bounced. This effect can also be called the act of mediating the spindle reflex of signal averaging.
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Figure 15. Muscle contraction caused by a spinal signal under two states (A) in a normal muscle and (B) in a muscle whose
spindles were amputated by amputation of the dorsal roots of the spinal cord 82 days ago [64].

The Role of the Spindle in Voluntary Motor Activity
To emphasize the importance of the Bergama peripheral system, it is sufficient to know that 31% of all
motor nerve fibers that travel to the muscle are of the A-gamma-type peripheral fiber instead of the alphatype A-type motor fibers. Whenever signals are sent to the alpha motor neurons from the motor cortex or
any other area of the brain, in most cases the gamma motor neurons are stimulated simultaneously, and
this effect is called the simultaneous activation of the alpha and gamma motor neurons. This causes both
the extra-spindle skeletal muscle fibers and the intra-spindle muscle fibers to contract at the same time.
The purpose of contracting the fibers inside the spindle at the same time as the large fibers outside the
spindle are contracted bilaterally: first, it prevents the recipient portion of the spindle from changing in
length during the contraction of the entire muscle. Thus, the act of simultaneous activation prevents the
reflex of the spindles from opposing the contraction of the muscle. Second, it maintains the proper action
of the spindle relaxer regardless of the change in muscle length. For example, if the spindle does not
contract and loosens with the large muscle fibers outside the spindle, the recipient part of the spindle is
loose in some cases and will be stretched too much in others, and in neither case will it able to operate
under optimal conditions for Duke Operation.
Areas of the Brain to Control the Gamma Motor System
The peripheral gamma system is stimulated by signals from the medulla oblongata facilitation region of the
brainstem and, secondarily, by impulses entering the reticular medulla oblongata region from the
cerebellum, basal ganglia, and cerebral cortex .Little is known about the precise mechanisms by which the
environmental system controls gamma. However, because the medulla oblongata facilitator region deals
specifically with anti-gravity contractions, and because the anti-gravity muscles have a particularly high
density of muscle spindles, the importance of the gamma-peripheral mechanism in mitigating the
movements of different parts of the body during walking and running is emphasized.
One of the most important functions of the spindle system is to stabilize the body during movement, which
requires a lot of stabilization. To do this, the medulla oblongata facilitator region and its associated areas
in the brainstem send excitation signals through the gamma peripheral fibers to the muscle fibers within
the spindles of the spindles. This shortens the ends of the muscle spindles and stretches the central receptor
sections, thus increasing the output signal from them, but, when the spindles on both sides of each joint are
activated simultaneously. Reflex stimulation of skeletal muscle on both sides of the joint also increases,
creating hard muscles that oppose each other in the joint. The net effect is that the position of the joint is
firmly stabilized and any force that tends to move the joint from its current position is opposed by highly
sensitive tensile reflexes acting on both sides of the joint.
Whenever a person has to perform a muscle operation that requires a great deal of fine and precise posture,
stimulation of the appropriate spindles by signals from the medulla oblongata facilitative area of the
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brainstem stabilizes the position of the major joints. This greatly helps to perform the extra subtle
movements (fingers or other parts of the body) that are needed to perform complex movements.
Clinical Uses of the Stretching Reflex
Almost every time the doctor examines the disease, he also tests several stretching reflexes. The doctor's
goal is to determine the extent to which the brain sends stimuli to the spinal cord. This reflex occurs in the
following order.
Knee Reflexes and Other Muscular Reflexes
In the clinic, the method used to determine the sensitivity of stretching reflexes is to create knee reflexes
and other muscular reflexes. The knee-jerk reflex can be created by striking the patellar chord with a
hammer reflex (see Figure 16). The blow instantly stretches the quadriceps muscle and creates a dynamic
tensile reflex that in turn causes the leg to be thrown forward. The upper part of Figure 17 shows the
myogram of the quadriceps muscle recorded during a knee reflex.
Similar reflexes can be achieved by tapping the muscle chord by tapping the ventricle of the muscle itself
from almost any muscle in the body. In other words, the sudden stretching of the spindle is all that is needed
to create a tensile reflex .Neurologists use muscle stretching reflexes to assess the degree of facilitation of
spinal nerve centers. When a large number of facilitative impulses are sent from the upper regions of the
central nervous system into the spinal cord, the muscular stretching reflexes are greatly intensified.
Conversely, if the facilitative impulses are attenuated or interrupted, the muscle reflexes are significantly
weakened or completely eliminated .These reflexes are most commonly used to determine the presence or
absence of muscle stiffness following lesions of the motor areas of the brain or muscle stiffness in diseases
that stimulate the medulla oblongata facilitative area of the brainstem. Large lesions in the motor areas of
the cerebral cortex but not in the lower motor control areas (especially lesions from strokes or brain
tumors) typically exacerbate muscle reflexes in the muscles on the opposite side of the body.

Figure 16. Knee-jerk reflex [65].

Figure 17. Recorded myogram of the quadriceps muscle during the development of a knee reflex (red curve) and recorded
myogram of the gastrocnemius muscle during the formation of the ankle clone (green curve) [64].

Clonus
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In the normal conditions, muscle reflexes can fluctuate. This phenomenon is called Clonus. Laying on his
heels and stretching his gastrocnemius muscles, impulses from the tensile reflex are sent from the muscle
spindles into the spinal cord. These impulses reflexively contract the stretched muscle, and the contracted
muscle lifts the body again. After a fraction of a second, the reflex contraction of the muscle disappears and
the body collapses again, thus stretching the muscle spindles a second time. Again, a dynamic stretching
reflex raises the body, but this reflex also disappears after a fraction of a second, and the body falls again to
create a new period. The gastrocnemius muscle tensile reflex in this way often oscillates for a long time,
this phenomenon is the same as Clonus.
Clonus normally occurs only if the tensile reflex is sensitized by facilitative impulses from the brain.
Therefore, neurologists test patients for the onset of Clonus to determine the degree of spinal facilitation
by suddenly stretching a muscle and continuing to stretch the muscle with a constant force. Whenever
Clonus occurs, the amount of spinal facilitation is definitely high.
Golgi Veterinary Reflex
The Golgi chord is an encapsulated sensory receptor through which muscle chord fibers pass. On average,
10 to 15 muscle fibers are usually attached in series to each limb of the Golgi tendon, and the Golgi tendon
is stimulated when these small bundles of muscle fibers become stiff due to muscle contraction or
stretching. Thus, the main difference between stimulation of the iliac crest and the spindle is that the
spindle determines muscle length and changes in muscle length, while the cervical spine determines muscle
tension by self-tensioning. The sphincter organ, like the primary spindle receptor, has both a dynamic
response and a static response, and responds strongly when muscle tension rises abruptly (dynamic
response) but decreases in a small fraction of a second at a steadily lower frequency. Which is almost
directly related to muscle tension and continues to emit impulses (static response)? In this way, the Golgi
tendon organs provide the nervous system with instantaneous information about the degree of tension of
each small piece of each muscle.
Transmission of Impulses from the Limb to the Central Nervous System
Signals emitted from the chin organ are transmitted through fast-conducting type I-type nerve fibers with
an average diameter of 16 μm, which are only slightly smaller than the nerve fibers corresponding to the
primary spindle receptors. These fibers, like the nerve fibers of the primary spindle receptors, transmit
signals both into the localized areas of the spinal cord and, after synapsing in a dorsal horn of the spinal
cord, through long nerve fibers such as the cerebellar-cerebellar pathways into the cerebellum and through
other pathways. They are transmitted to the cerebral cortex. The localized spinal signal stimulates an
inhibitory mediating neuron that inhibits motor movement of the anterior horn. This local circuit directly
inhibits the same muscle without affecting adjacent muscles.
The Inhibitory Nature of Chord Reflex and Its Importance
When the vertebral organs of a muscle are stimulated by an increase in the tension of that muscle, signals
are sent into the spinal cord that causes reflex effects in the relevant muscle, which is a completely
inhibitory reflex. In this way, this reflex creates a negative feedback mechanism that prevents excessive
tension in the muscle. When the tension in the muscle and therefore on the tendon becomes extremely
intense, the inhibitory effect of the tendon limb can be so severe that it causes a sudden reaction in the
spinal cord that causes the whole muscle to suddenly relax. This effect is called the Lengthening Reaction
and is probably a protective mechanism to prevent muscle rupture or detachment of the tendon from the
bone. For example, we know that direct electrical stimulation of muscles in the laboratory, which can not
counteract this negative reflex, can sometimes lead to such destructive effects [66].
Bending Reflexes and Retraction Reflexes
In a spinal cord or a brainless animal, almost any sensory stimulus that enters one arm or leg causes the
muscles that bend the limb to contract, thus moving the limb away from the stimulus. This is called the
Flexor Reflex .The bending reflex in its classic form is most strongly caused by stimulation of the nerve
endings of pain, such as a tingling, heat, or wound, and is therefore also called the Nociceptive reflex or pain
reflex. Stimulation of tactile receptors can also produce a weaker, shorter-term bending reflex .Whenever
a part of the body is painfully stimulated other than the arms and legs, that part will move away from the
stimulus in a similar way, but this reflex, although essentially the same type of bending reflex, may be
completely confined to the muscles. Do not bend. Therefore, multiple reflex designs of this type in different
parts of the body are called Withdrawal Reflex.
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Neuronal Mechanism of Bending Reflex
The left side of Figure 18 shows the neural pathways for the bending reflex. In this example, a painful
stimulus is inserted into the hand. As a result, the flexor muscles of the arm are stimulated, thus moving the
hand away from the painful stimulus .The neural pathways to produce the flexing reflex do not go directly
to the motor neurons of the anterior horn, but first enter the complex of mediated neurons of the spinal
cord and only secondarily reach the motor neurons. The shortest possible circuit is an arc of three or four
neurons, but most of the reflex signals pass through a much larger number of neurons and include the
following types of basic circuits: divergent circuits to extend the reflex to the muscles needed to pull back,
circuits to control opposing muscles.
The subsequent discharge that occurs in the bending reflex is due to both types of repetitive discharge
circuits. Electrophysiological studies have shown that the immediate subsequent discharge, which lasts
about 6 to 8 milliseconds, is caused by the repetitive discharge of the stimulated mediating neurons
themselves. Prolonged subsequent discharge also results in strong stimuli resulting from reversal
pathways that oscillate the oscillating neuronal circuits and these circuits, in turn, send impulses to the
anterior motor neurons, sometimes for several seconds after the sensory input signal is lost.
In this way, the bending reflex is well organized to remove the painful or irritated part of the body in
another way from the stimulus. In addition, this reflex, due to its subsequent discharge, can keep the excited
part away from the stimulus for 0.1 to 3 seconds after the stimulation ends (see Figure 19). During this
time, other reflexes and central nervous system functions can move the whole body away from the painstimulating stimulus [67].
The Figure 19 shows a typical example of a myogram of a flexor muscle during a flexor reflex. Within a few
milliseconds after the stimulation of a painful nerve begins, a bending response appears. Then, within a few
seconds, the reflex begins to become tired, which is evident in virtually all of the more complex spinal
reflexes. Finally, after the stimulus terminates, the muscle contraction begins to return to the zero line, but
due to the subsequent discharge, it takes several milliseconds to reach the zero line. The duration of the
subsequent discharge depends on the severity of the sensory stimulus that triggered the reflex. A weak
tactile stimulus produces almost no subsequent evacuation, but subsequent evacuation after a strong
painful stimulus may take a second or more.

Figure 18. The neuronal circuits for withdrawal and crossed extensor reflex [64].
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Figure 19. The myogram of a bending reflex that shows the rapid onset of the reflex, fatigue phase and the subsequent
discharge after the end of the stimulus [64].

Withdrawal Plan
The retracting pattern created by a bending reflex depends on the sensory nerve being stimulated. In this
way, a painful stimulus that enters the inner surface of the arm not only creates a bending reflex in the arm,
but also contracts the extensor muscles of the hand to move the arm away from the body. In other words,
the centers of integration of the spinal cord cause the contraction of those muscles that can most effectively
remove the painful part of the body from the object that caused the pain. Although this principle, called the
"local sign" principle, applies to all parts of the body, it applies to the limbs due to their highly evolved
bending reflexes.
Cross Straightening Reflex
Approximately 0.2 to 0.5 seconds after a stimulus triggers a bending reflex in the limb, the opposite limb
begins to straighten. This is called the Crossed Extensor Reflex. Straightening the opposite limb can move
the whole body away from the body that is pulled back in the limb, causing a painful stimulus.
Neuronal Mechanism of Cross-Correction Reflex
The right part of Figure 20 depicts the neural circuitry responsible for the cross-rectifier reflex and shows
that sensory nerve signals travel to the opposite side of the spinal cord to stimulate the rectus muscles.
Because the cross-correcting reflex usually begins 200 to 500 milliseconds after the initial pain stimulus
enters, there are a large number of intermediate neurons in the circuit between the input sensory neurons
and the motor neurons opposite the spinal cord that are responsible for cross-straightening. After removal
of the painful stimulus, the cross-straightening reflex continues for an even longer duration than the
bending reflex. Here, too, this long-term discharge is thought to be due to oscillating circuits among
intermediate neurons.

Figure 18. The myogram shows a cross-straightening reflex with slow onset and long subsequent discharge [64].

Reciprocal Inhibition and Reciprocal Nervousness
As mentioned, stimulation of one muscle group is usually accompanied by inhibition of another muscle
group. For example, when a tensile reflex stimulates a muscle, it often inhibits the opposite muscle at the
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same time (see Figure 19). This phenomenon is called reciprocal inhibition and the neuronal mechanism
that causes this interaction is called Reciprocal Innervation. Similarly, there are often interactions between
the two halves of the spinal cord, such as the flexing and straightening reflexes.

Figure 19. The myogram shows a bending reflex that reciprocates the inhibition resulting from a stimulus inhibiting a
stronger bending reflex in the opposite limb [64].

CONCLUSION
Kinetic control or motion control is the discussion of motion and the set of factors involved in the motion
control process. How to perform the movements of organisms and the factors affecting it? Can be studied
and studied through the science of motion control. Movement and motor control are important things in
the life of creatures, especially humans, and various factors play a role in this process. The central nervous
system (CNS), which includes the brain and spinal cord, is the most important factor in controlling
movement. The cerebral structures of the central nervous system control the activities of the spinal system.
Of course, the spinal system also affects the structures of the brain to move through the innumerable
sensory messages it receives from the environment. The role and importance of stimuli, receptors and
sensory messages are discussed in environmental control. Muscle chord and spindle receptors, sensory
messages related to the joints of the body, vestibular system, etc. participate in motor activities in
cooperation with the nervous system. Sensory messages are transmitted to the spinal cord as well as to
higher levels of nerve centers and are used to perform motor functions. The movements created are also
self-feedback for the nervous system, which intervenes in a cycle to create subsequent movements. In
central control, the role of different parts of the central nervous system, especially the three parts of the
cerebral cortex, cerebellum and basal ganglia, is important. Coordinated and complex movements that
require skill originate in the cerebral cortex. This type of motor function is performed through circuits
between the cerebral cortex, the basal ganglia, and the cerebellum. Rule complexes are involved in the
regulation of very spontaneous automatic movements, and the cerebellum is responsible for regulating the
speed, range of motion, amount of force and direction of movement.
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