
The Brain and the 
Body Senses



The nervous system is 

a network of nervous 

tissue which controls 

the body.

Information from body 

sensors is transmitted 

via afferent pathways 

towards the brain. At 

brain level information 

is processed, decisions 

are made and control 

signals are generated. 

The control signals are 

then transmitted back 

to the body regions via 

the efferent pathways.

The Nervous System



The nervous system system is divided 

anatomically into three major subdivisions:

The central nervous system  (CNS) includes 

the brain and spinal cord. It is primarily 

concerned with control functions.

The peripheral nervous system (PNS) includes 

the cranial and spinal nerves. It transmits 

signals, but usually does not perform control.

The autonomic nervous system (ANS) consists 

of the sympathetic and the parasympathetic 

subsystems. Together they regulate functions 

such as blood pressure, digestion and glucose 

release in the liver. The autonomic systems is 

not under voluntary control.

The Nervous System



Functionally, the nervous system 

consists of two major subdivisions:

The autonomic system performs body 

regulation activities such as controlling 

blood circulation, controlling digestion, 

and regulating metabolic and hormonal 

function. 

The somatic system (from the Greek 

“ soma”  meaning “ body” ) performs 

conscious mental activities such as 

thought processes and controls the 

movement of skeletal muscle.

The Nervous System



The Brain

Cerebrum: processes sensory data, performs conscious 

thought and stores information.

Cortex: interprets sensory input and controls voluntary 

movement.

Basal ganglia: controls semi-voluntary complex activities 

such as walking.

Cerebellum: integrates and distributes impulses from the 

cerebral centres to the motor neurons of the spinal cord.

Brain stem: crossover point for all signals coming and 

going from the brain. Controls sympathetic activities like 

heart rate, blood pressure, swallowing and breathing.
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Brain Imaging



Measurement techniques such an the 

electroencephalogram (EEG), magnetic 

resonance imaging (MRI) and positron 

emission tomography (PET) have been 

used to identify the activities of the 

individual brain regions.

Brain Imaging



Neurons are monocellular 

structures which act as the 

building blocks of the nervous 

system. It is estimated that the 

brain alone is composed of at 

least 1011 neurons.

Electro-chemical impulses either 

originate at the cell body (in he 

case of a receptor cell) or arrive 

at the neuron from dendritic 

synapses. The impulse then 

propagates along the axon and is 

passed to successive neurons 

through synapses at the axon 

terminations. 

Dendrites (inputs) and the axon 

terminations (outputs) can form 

synapses with tens or thousands 

of other neurons.

The Neuron

The length of a neuron’s axon can be from a few millimetres to 

more than a meter depending on the specific cell. Many axons 

such as the one illustrated here are surrounded by a myelin 

sheath which is discontinuous at points called Ranvier Nodes.



A receptor is a special nervous cell 

(neuron) which is capable of transforming 

energy from one form to another.

A receptor typically transforms ambient 

energy into electro-chemical energy 

associated with the polarisation of the 

receptor’s membrane.

Receptors normally transform several 

types of incident energy, but one will have 

the lowest threshold value. This makes it 

possible to distinguish specific receptors 

for the various forms of energy.

Receptors



Receptors are the point of contact between 

the nervous system and the outside world. 

They form part of sensory systems which 

extract information from the energy incident 

upon the body. The information extracted 

includes:

Sensory Systems

• stimulus modality

• stimulus intensity

• stimulus duration

• stimulus location



Sensory Systems
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The somatic system is different from other 

sensory systems in that the sensors are 

distributed throughout the body rather than 

concentrated in a specific, localised organ. 

For this reason somatic perception is often 

called the body sense.

Somatic Sensory System



The somatic system processes stimuli from 

many types of receptors. A variety of sensations 

are produced, the four most important being:

Somatic Sensory System

touch   ®®®® produced by mechanical 

stimulation of the body surface

proprioception ®®®® produced by mechanical 

displacements of the 

muscles and joints

pain   ®®®® produced by tissue damaging stimuli

thermal  ®®®® produced by cool or warm stimuli



Several receptors contribute to touch sensation, 

the contribution of each depending on its 

transduction properties and it location. Location is 

important both in terms of skin layer (the different 

layers posses different mechanical properties) and 

the depth from the surface (stress intensity).

Touch



The pacinian corpuscle is typical of the receptors which 

produce touch sensation. It consist of a neuron axon 

surrounded by concentric layers of tissue.

Touch

The example below presents the mechanical deformation 

applied to a pacinian corpuscle and the train of electro-

chemical spikes transmitted to the brain. The properties of 

the mechanical stimulus are encoded in terms of both spike 

amplitude and spike frequency in a complex nonlinear 

manner.



Touch sensitivity is not uniform across the body. It 

changes as a function of the number and type of 

receptors present locally. The graph below presents 

the perception threshold for various body locations 

measured with a small medical  indentor needle.

Touch



Touch receptors have been found to be 

frequency selective in their response.

Merkel and Ruffini receptors are 

responsible for low frequency sensation 

such as static pressure and quasi static 

changes in the pressure.

Meissner and Pacini receptors contribute 

to the sensation of rapid changes such as 

when running the hand over a rough 

surface.

Touch



Touch
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Touch

The graph presents perception thresholds from an 

experiment in which a vibrating indentor needle was 

pushed against the skin of the thumb with a 

constant force then vibrated with sinusoidal signals.

It can be seen that touch sensation is frequency 

dependent. This dependency starts, however, only 

after 40 Hz when the pacinian corpuscles provide a 

large contribution to the total sensation.



Proprioception

Proprioception is the sense which provides the 

nervous system with the information needed to 

track the position and velocity of the body 

segments, along with the muscle forces involved.

Three types of receptors contribute to the limb 

position sense: mechanoreceptors in the skin, 

mechanoreceptors in the joints and muscle 

spindle receptors.



Proprioception

The muscle spindle is a specialised receptor which is 

located within muscle packs in parallel with the muscle 

fibres. The endings of special neurons are wrapped 

around muscle fibres. Changes in length of the muscle 

fibres produces electro-chemical signals which encode 

both the relative displacement and the relative velocity 

of the muscle fibres.



Proprioception

The golgi tendon organ

is a special receptor 

located at the meeting 

point between muscle 

fibres and tendons. It is 

in series with the 

muscle fibres and 

consists of intertwined 

sensory neuron axons 

and collagen fibres. It 

produces an electro-

chemical signal which 

is proportional to the 

force acting across it.



Proprioception

The frequency response characteristics of 

muscle spindles and golgi tendon organs 

are difficult to quantify for several reasons. 

For example, central control from efferent 

fibres strongly modulates the outputs of 

muscle spindles and can even cause a stop 

to receptor output altogether.

Measurements made by applying vibrations 

directly to muscle fibres and tendons have 

shown, however, that these receptors are 

capable of producing output for frequencies 

up to 300 Hz.

Since muscles are low pass systems which 

cannot move faster than 4 Hz, it would seem 

that the receptors serve a sensory role 

beyond the simple monitoring of muscle 

action.



Balance is different from the other senses in that 

it is not prominent in our consciousness.

It is nonetheless fundamental since it provides the 

nervous system with the information needed to 

determine our absolute position in 3D space. Any 

defect in this sense is immediately felt in the form 

of dizziness and nausea.

Two principal organs provide the balance sense:

- Otolith Organs (saccule and utricle)

- Semicircular Canals

Balance



The otolith organs (saccule and utricle) measure 

head translational movement in terms of both the 

linear acceleration and the tilt with respect to the 

gravitational field. Electro-chemical signals are 

produced by the relative movement of the tissue 

within each organ.

Nature has increased the sensitivity by providing 

heavy calcium carbonate crystals (called otoliths) 

at the centre of each organ in a similar fashion to 

an engineering accelerometer.

Balance



The semicircular canals provide sensory 

information regarding head rotational 

movements. The rotational accelerations 

are measured by means of fluid movement 

in the three orthogonal canals.

Balance



The actual receptor is the vestibular hair cell, found 

embedded in the walls of the balance organs. Cilia 

protrude from the receptor cell into the fluid or tissue 

space of the organ. Bending of the cilia produces 

electro-chemical signals, thus any relative movement 

between the organ wall and the contained fluid or 

tissue is measured.

Balance



The otolith organs and the semicircular canals 

play an important role in the human perception of 

movement. Several phenomena such as kinetosis

(motion sickness) are caused by the imperfect 

functioning of these organs.

In terms of their frequency selectivity, these 

organs provide sensory information for stimuli of 

10 Hz or less. Clinical findings suggest that they 

are the main contributor to movement perception 

at frequencies less than 2 Hz.

Balance



Medical experimentation has shown that the area 

of the cerebral cortex is organised into a precise 

representation of the external surface of the 

human body.

A somatosensory map called a homunculus is 

used to describe the cortical area dedicated to 

the processing of signals from each body region. 

Balance



An important conclusion that can be drawn 

from the sensory homunculi is that the nervous 

system dedicates greater processing power, 

and thus greater attention, to signals arriving 

from the face and hand.

Balance


