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The cerebral cortex

Our imprint of the world
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Coloured photograph
of a section through
the human brain.
The cerebral cortex
is coloured yellow.

The cerebral cortex is a thin layer of nerve cells covering the surface of the brain.
From birth to our last breath, the cortex undergoes reorganisation on a colossal scale
in response to an ever-changing environment. This reorganisation can have positive
effects, as in learning, but also unfavourable consequences, for example musicians’

cramps.

he cerebral cortex is only a few millimetres
thick, yet it plays a vital role in our interaction
with the world. The cortex receives, analyses and
stores information from our senses and initiates
voluntary movement. Behaviourally sophisticated
mammals, such as humans, have larger cortices than
lower mammals (see Box 1). This reflects the
complexity of the coordination of the tasks they
perform. The cortex has specialised regions, each

carrying out a particular function (see Figure 1). The
frontal lobes process thought and play a role in memory
retrieval. The senses also have their own regions.
Hearing is processed in the auditory cortex, which is in
the temporal lobe; vision resides in the occipital lobe.
The parietal lobe contains the motor and somato-
sensory cortices, in which voluntary movement and
the sense of touch lie, respectively. All these areas are
found in both the right and left hemispheres. Other
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[image: image2.jpg]functions are localised in just one hemisphere, such as
the language areas, found on the left (see below and
Box 2 on p. 4).

The cortex both receives information from our
surroundings and sends commands to our muscles.
Sensory receptors, such as touch receptors in the skin,
are part of the peripheral nervous system, and
respond to environmental stimuli. Impulses are then
sent to the relevant sensory cortex through peripheral
nerves. The area of cortex the impulses reach first is
called a primary cortex. Here, crude features of the
stimulus are decoded, such as the orientation of a visual
stimulus in the primary visual cortex.

The stimulus is recognised by association areas that
compare it to previous knowledge. Each of the senses
has its own primary and association area (see Figure
1). The association areas communicate with many brain
areas, including the frontal lobe and memory- and
emotion-associated regions. The frontal lobe also
receives input from a number of other regions before
deciding on action. The premotor cortex (also called

explained

Association area A cortical area that interprets
sensory information.

Cerebral cortex The outermost layer of the brain.
Cerebrum means brain in Latin.

Cortical map A representation of the relative sizes and
locations of cerebral cortex devoted to processing
sensory or motor information.

Cortical plasticity Ability of the cortex to shift stimulus
processing to a novel area.

Hemisphere Refers to either of the two halves of the
cerebral cortex (left/right).

Peripheral nervous system Includes motor effectors
(neurones) acting on muscles and sensory receptors,
such as skin receptors, that detect mechanical stimuli.

Primary cortex A cortical area that receives information
from peripheral sensory receptors.

Somatosensory The sense of touch and pain.
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A cortical map shows the size and location of cortical
areas. Cortical mapping dates back to the 1930s when
the cortex was electrically stimulated to reveal which
body parts it governed. Mapping now uses scanning
methods, such as functional magnetic resonance
imaging (fMRI). This technique detects areas of the brain
that are active during a given task, by detecting brain
regions with an increased blood flow.

In cortical maps, sensory surfaces that are behav-
iourally important occupy the most space (see Box 3 on
p. 5). For example, hands are vital for human commu-
nication and survival. Although they cover a smaller
skin area than the abdomen, the impulses from them
occupy a much larger space in the somatosensory cortex
(see Figure 3 on p. 5). This reflects differences in the
density of skin sensory receptors. Sensitive areas, such
as the hands, have a high concentration of sensory
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Figure 1 Left view of the cortex showing the primary motor (1),
somatosensory (2), auditory (3) and visual (4) cortices. The motor
(a), somatosensory (b), auditory (c) and visual (d) association
areas are located adjacent to their respective primary cortices.
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forever linked

Producing music is further complicated when

Wernicke’s

reading notes or singing lyrics is involved, as .
the language centres are  recruited.

Wernicke's area aids in reading and compre-

hension and Broca’s area governs speech or

song production. The fact that language and Back

music share the same neural pathways can Front
have therapeutic potential in language disabil-
ities. For example, music lessons have been
shown to improve linguistic capabilities in R
dyslexic children. Left side view

receptors and therefore require larger cortical areas for ~ to the finger stay devoted to the lost finger? The answer
processing. Similarly, body parts requiring fine motor  is ‘No’. As the sensory input from the amputated digit is
control have large representations in the motor cortex. ~ lost, the corresponding cortical area starts receiving
Thus the size of a cortical area relates to the number of input from other skin areas, such as the neighbouring

sensory receptors, or muscle effectors, in the correspon- digits and adjacent palm areas. By employing this trick,
ding skin or muscle area. the cortex maximises the use of cortical space. This

Cortical representations of our senses and muscles  happens not only at the level of individual skin
are not fixed. What makes the cerebral cortex so fasci- regions/maps, but also on a wider scale. Blind people

nating is its capacity to change the distribution of process some tactile information in the occipital lobe,
different functions. Cortical space can be reallocated to  which is normally associated with vision, Some of the
govern or respond to different parts of the body, either  visual processing of deaf people takes place in the
as a response to injury or to learning. This capacity to temporal lobe, which is normally associated with

reorganise is termed cortical plasticity, and is most hearing. This shift in processing from one cortical area
effective in childhood. to another highlights the brain’s ability to respond to
injury.

Cortical adaptation to injury ) )
The nervous system can compensate for damage in ~ Musical learning reshapes the cortex

remarkable ways. For example, what happens when a Since the cortex is involved in processing new experi-
finger is amputated? Does the cortical area corresponding  ences, how does it learn from them? Learning is a
process that affects many parts of the brain, especially
the cortex. Playing a musical instrument is an example
of a task that involves many cortical regions. How does

Figure 2 Flow of sensory (red)
and motor (blue) information

between the peripheral (vellow) - the cortex respond to years of practice ultimately culmi-
and central (purple) divisions / nating in increased skill> An answer to this question
of the nervous system. | Frontal was found in the brains of violinists. When comparing

somatosensory maps of violinists’ fingers in the two
hemispheres, it was found that their left-hand digit
areas, which lie in the right somatosensory cortex, were
enlarged. This enlargement can be explained by the left-
hand fingers being responsible for pressing the strings,
while the right hand handles the bow (see Figure 4 on
P. 6). Thus, the left fingers require a higher level of fine
motor coordination. This finding highlights an important
point about cortical plasticity: the more stimulation an
area receives, the larger its representation in the sensory
cortex.

But, if cortical representations keep on expanding
with experience, why doesn’t the cortex eventually run
out of space? For this the brain has developed a coping
strategy. Space is reallocated to regions of importance, at
the expense of other neighbouring regions, which
diminish in size. In the case of violin players, the finger
areas (D1-D5) expand into the adjacent palm region,
which receives less cortical space (see Figure 3). The
reverse is true for rarely stimulated skin areas; their
cortical areas tend to diminish,
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[image: image4.jpg]Musical training also
affects motor maps. It
takes merely a few days of
piano practice to enlarge
finger areas in the primary
motor cortex of adults with no
previous musical training. This
enlargement parallels the changes
observed in the somatosensory system.

Computer artwork of a motor
homunculus (left) and a
sensory homunculus (right).

Communication across the cortex

Practising music not only causes individual cortical areas
to rearrange, it also induces cortical areas to ‘talk’ to
each other. Have you ever had a tune stuck in your
head that is impossible to silence? For this you can
blame your auditory cortex, which is remarkable in that
it can activate in the absence of sensory input. Playing
a song internally activates the auditory cortex, resulting
in the auditory experience. What fuels this illusion of
‘hearing’? It seems that frontal lobes also activate during
this process. Remember that these lobes are involved in
memory retrieval, and thus serve as a ‘song-feeder’ to

3 The left somatosensory
the auditory cortex.

cortex responds to the

Another example of intercortical communication right side of the body
involves the motor cortex. The auditory and visual
cortices help time and coordinate movements when Leg/knee

Left somatosensory

rehearsing a piece of music. When a pianist listens to, or cortex

sees, a well-rehearsed piece being performed, the motor
cortex is activated. This activity does not cause finger
muscle contractions, and thus signals intention rather
than actual movement. Specialised neurones, called
mirror neurones, fire during this process. These cells
are thought to underlie our capability to imitate
observed movements and are therefore important in
learning.

Cortical plasticity for better and for
worse

Cortical plasticity comes with a price, however. While
clearly important in learning, the cortex is limited in
terms of how much instrumental training it can cope
with. Musicians’ cramps (focal dystonias) involve loss of
individual finger movement control and can be devas-
tating for professional musicians. This condition
particularly affects pianists and was until recently
treated with drugs. Dystonias are caused by fusion and
overlapping of individual digit areas in the somatosen-
sory cortex. This discovery enabled the development of
training schemes involving finger movement, and touch
discrimination tasks to replace drug treatment. This  Figure 3 Trunk and hand/digit (D1-D5) areas
kind of training successfully recovers normal hand in the skin and somatosensory cortex.
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[image: image5.jpg]Left hand Right hand Figure 4 Aviolin player uses left
digits 2-5 to press the strings, while
the left thumb gives support.
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functioning. So, cortical plasticity can be applied to
reverse some of the negative changes in the cortex
caused by excessive practice.

Points for discussion

Hearing and producing music often elicit strong
emotions. Could brain areas conveying emotion also
contribute to, or modify, cortical plasticity?

To what extent is cortical plasticity inherited and what
role does the environment play (for example, growing
up in a musical family)?

Roosa Sofia Tikkanen is an undergraduate neuroscientist in
the Faculty of Life Sciences at the University of Manchester.
She is currently on placement at Boehringer Ingelheim,
Germany, researching the cellular mechanisms of pain.

points

e The cortex has regions specified for each of the
senses and for muscles.

e The sensory and motor systems have ‘criss-cross’
organisation; brain hemispheres respond to and
control the opposite half of the body.

e Cortical maps are shaped by experience and injury.

® The cortex allocates more space to behaviourally
important structures, such as hands. These body
parts are very sensitive, due to a high density of
sensory receptors, and use finer muscle control.





