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CEREBRAL CORTEX
Objectives

Review the major surface features of the frontal,
parietal, temporal, and occipital lobes.
Note the functional relationship of the homunculus
to the brain.
Understand the vascular distributions of the
anterior, middle, and posterior cerebral arteries
to the brain.
Identify the major gyri and note their functions
with lesions.
Review the primary language areas and the
characteristics of language dysfunction.
Describe the circuits passing through the
different parts of the internal capsule.
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CEREBRAL CORTEX
Introduction
The cerebral cortex is the zenith of central nervous system development, function, and
complexity. Its structure and interconnections are enormously complicated and serve
multiple functions. Some of the primary features of the cerebral cortex are listed below:
1.

The cerebral cortex processes massive amounts of sensory information, controls
movements, and is involved in many higher cortical functions including cognition,
memory, and language.

2. The cortex also contains important circuits for the visual and auditory pathways and
some of the complex circuits of the basal ganglia.
3. Sensory input to the higher sensory functional areas of the cortex arise from receptors
on the contralateral side of the body. Likewise, motor output from the major motor
functional areas of the cortex control motor activity on the contralateral side of the
body.
4. The cortex contains billions of neurons, glial cells, and has an abundant blood supply.
5. The surface of the cortex is organized into many irregular foldings of gray matter that
form gyri separated by sulci and deep fissures. The gyri serve to increase the surface
area of the cortex.
6. The cerebral cortex is comprised of an outer, thin layer of gray matter and an inner
layer of white matter (Internal capsule).
7. The right and left cerebral hemispheres and basal ganglia develop from the
telencephalon of the early neural tube.
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External Features of the Cerebral Cortex

A. Lateral Surface Features
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FIGURE 11.1 Lateral View of Left Cerebral Cortex

The hemisphere surfaces are formed by multiple convoluted folds of gray matter (gyri)
that increase the cortical surface area. The gyri are separated by grooves (sulci) and
several deep fissures separating parts of the brain.
1.

The central fissure of Rolando is a major landmark on the lateral surface of the brain.
It is a deep vertically oriented fissure that extends from the superior crest of the
hemisphere inferiorly to the horizontal fissure. It separates the frontal lobe from the
parietal lobe.

Bordering the central fissure are two of the major gyri of the cortex (precentral and
postcentral) that represent the motor output to and sensory input, respectively, for the
contralateral side of the body.
A. The primary motor cortex (Broadman area 4) is located in the precentral gyrus of
the frontal lobe and is anterior to the central fissure. The primary motor cortex on
the lateral surface of the cortex contains upper motor neurons (Betz’s cells; UMN)
whose axons from the descending motor systems that provide innervation for the
contralateral upper limb, trunk and head. In contrast, the primary motor strip on
the medial surface of the cortex contains UMN whose axons form the descending
motor fibers that provide innervations for the contralateral lower limb.
B. The somatosensory cortex (Broadman areas 3,1, and 2) is the primary sensory
area found in the postcentral gyrus (posterior to the central fissure). The
somatosensory cortex receives sensory input from the VPL and VPM thalamic
nuclei. On the lateral surface, the somatosensory cortex receives sensory input
from the contralateral upper limb, trunk and head. On the medial surface, the
sensory cortex receives sensory Input from the contralateral pelvis and lower limb.
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2. The lateral fissure of Sylvius extends horizontally and separates the temporal lobe
below from the frontal and parietal lobes above the fissure. Deep to the lateral fissure,
the insula is part of the cortex not visible on the surface.
3. The lateral surface of the occipital lobe is located posterior to the parietal and
temporal lobes.

B. Medial Surface Features of Cerebral Cortex
Many gyri and sulci along with the corpus callosum arc visible on the medial surface of
the cortex (Fig. 11.2).
1.

The central fissure (of Rolando) continues onto the medial surface of the cortex
separating the primary motor cortex of the frontal lobe (area 4) from the
somatosensory cortex of the parietal lobes (areas 3,1,2). These motor and sensory
cortical areas on the medial surface form the paracentral lobule which provides the
motor and sensory innervations for the contralateral lower limbs as described earlier.

2. The occipital lobe is divided by the calcarine fissure that separates the dorsal
cuneus gyrus from the ventral lingual gyrus of the occipital lobe (part of the visual
cortex). These are described in the visual system chapter.
3. The corpus callosum is the largest bundle of white matter in the brain. It consists
of commissural (transverse) axons that connect similar regions between the two
hemispheres. The corpus callosum consists of the genu anteriorly, a central body, and
the splenium posteriorly.
4. The cingulate gyrus of the limbic system arches over the corpus callosum
(discussed later).
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FIGURE 11.2 Medial View of the Left Cerebral Cortex
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Motor Homunculus

The primary motor cortex is somatotopically organized. On a frontal section of the
precentral gyrus, the motor cortex controlling the head, upper limbs, and trunk regions is
represented laterally on the cortex, and the pelvis and lower limb are represented
medially (paracentral lobule) on the cortex.
1.

The head is laterally represented at the inferior part of the precentral gyrus
immediately superior to the horizontal fissure.

1.

The upper limb is laterally represented in the mid-part of the lateral cortex with a
large amount of the upper limb motor cortex devoted to the hand.

2. The pelvis, genitals, and lower limb are represented on the medial side of the cortex
(motor strip of the paracentral lobule).
3. Note that each of these areas provide a motor map of the contralateral side of the
body.
A similar sensory homunculus can be demonstrated on a frontal view of the postcentral
gyrus of the parietal lobe (not shown).
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FIGURE 11.3 Motor Homunculus
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The white matter of the cerebral hemispheres contains several types of projection fibers
to different parts of the nervous system.
1.

Commissural or Transverse Fibers. These are axons that horizontally cross the midline
and connect similar areas of the two hemispheres. The largest number of these fibers
are found in the corpus callosum. Other commissural fibers are found in the anterior
and posterior commissures.

2. Association Fibers. These are fibers that interconnect different areas within the same
hemisphere. One example of these fibers is the arcuate fasciculus that is involved with
language functions (discussed later).
3. Projection Fibers. These are axons that connect the cerebral cortex with inferior parts
of the nervous system. These fibers include projections associated with visual and
auditory pathways and thalamic nuclear projections to the cortex. These also include
descending motor tracts to the to the brainstem and spinal cord.

Histology of the Cortex
The cortex consists of six layers of neurons that are numbered I – VI. The two most
important layers are :
1.

Layer IV (internal granular layer) receives sensory input projections from the thalamic
relay nuclei and other areas.

2. Layer V (internal pyramidal layer) houses the large pyramidal cells of Betz (UMN)
whose axons form the descending motor fibers to the striatum, brainstem, and spinal
cord (corticospinal and corticobulbar tracts).
Note that the thickness of these layers varies in different parts of the brain. For example,
in the precentral motor gyrus layer V is thicker, and in the postcentral gyrus layer IV is the
thickest.

Blood Supply to the Brain
Proper functioning of the brain depends on an abundant and a continuous blood supply
via the cerebral circulation. Cerebrovascular disease and stroke will greatly compromise
this circulation resulting in severe neurological disabilities.
The blood supply to the cranial components of the CNS is provided by two sets of vessels
that comprise the posterior and anterior circulations, respectively (Fig. 11.4 and 11.5).
1.

The posterior circulation is composed of branches of the vertebral arteries and the
basilar artery which supply the blood flow to the brainstem and cerebellum. This
vascular system is described in the brainstem chapter.

2. The anterior circulation is composed of multiple branches of the circle of Willis which
gives rise to the major cerebral vessels supplying the brain. As described below, the
circle of Willis is formed by contributions from the paired internal carotid arteries and
the basilar artery.
5
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Blood Supply to the Brain
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FIGURE 11.4 Distribution of Blood Supply To Brain

Clinical Application
1.

Intracranial uncal herniation at the tentorial notch and cerebellar tonsillar herniations
at the foramen magnum are life threatening by compressing the vital centers of the
brainstem. Subfalcine herniations of the cingulate gyrus are inferior to the falx cerebri.

2. CN III is ofter involved early in uncal herniation and posterior aneurysms.

Falx cerebri
Subfalcine herniation

Supratentorial mass
(epidural hematoma)

Uncal herniation
Tentorium cerebelli
Cerebellar tonsil
Brainstem

Tonsillar herniation

FIGURE 11.5 Cerebral Herniation
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Upper division

Middle cerebral artery supplies:
1. Lateral surface of most of frontal
and parietal lobes and Broca’s area
(superior division)
2. Upper temporal lobe and
Wernicke’s area (inferior division)
3. Genu and posterior limb of internal
capsule(lacunar branches)
4. Parts of basal ganglia

Lower division

Middle cerebral
artery

Body
Splenium

Genu

Anterior cerebral
artery

Posterior cerebral
artery

Anterior cerebral artery supplies:

Posterior cerebral artery supplies:

1. Medial surfaces of frontal and
parietal lobes

1. Occipital lobe: lateral and medial sides

2. Anterior 4/5ths of corpus callosum
3. Anterior limb of internal capsule
(lacunar branches)

2. Lower temporal lobe
3. Parts of thalamus
4. Midbrain
5. Splenium of corpus callosum

FIGURE 11.6 Distribution of Cerebral Arterial Circulation
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Circle of Willis

The circle of Willis provides branches to the major cerebral arteries that provide blood
flow to the brain. The primary vessels contributing to the circle of Willis are the paired
internal carotid arteries (divides into the middle and anterior cerebral arteries) and
the single basilar artery (divides into the posterior cerebral arteries). The entire circle is
completed with the addition of the anterior and posterior communicating arteries. The
circle of Willis forms around the diencephalon area on the ventral brain and provides
variable degrees of collateral circulation between the right and left sides of the brain.

A. Internal Carotid Arteries
The internal carotid (Fig. 11.7) artery enters the cranium (temporal bone) via the carotid
canal on the base of the skull. It ascends through the cavernous sinus to reach the
ventral surface of the brain where it bifurcates into the middle and anterior cerebral
arteries of the circle of Willis. Before dividing, the internal carotid artery gives rise to
several branches including the ophthalmic artery that courses through the optic canal
to provide the major blood supply to the orbit and the superior hypophyseal artery to
the pituitary gland.

Middle
cerebral
artery
Anterior
cerebral
artery
Internal
carotid artery

Lateral striate arteries

FIGURE 11.7 Internal carotid artery arteriogram (A-P view)
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The middle cerebral artery is essentially the continuation of the internal carotid
artery and is approximately the same caliber as the internal carotid artery. The
middle cerebral artery courses laterally and deeply through the lateral fissure (of
Silvius). Upon reaching the lateral surface of the cortex, it divides into upper and lower
divisions that provide blood flow to a large area of the lateral cortex.
The middle cerebral artery supplies the following parts of the cortex :
1.

Most of the lateral surfaces of the frontal, parietal and upper temporal lobes.

2. The precentral and postcentral gyri.
3. The genu and posterior limbs of the internal capsule and parts of the basal ganglia
(via lateral striate and anterior chorodial branches).
4. Note the middle cerebral artery does not perfuse the lateral surface of the occipital
lobe.

Clinical Application
•

Most emboli passing upward in the internal
carotid artery will pass into the middle
cerebral artery rather than the anterior
cerebral artery.

•

The lateral striate (lenticulostriate) and the
anterior chorodial arteries (Fig. 11.8) branch
from the first segment of the middle cerebral
artery and provide the critical blood supply
to most of the corpus striatum of the basal
ganglia and the genu and posterior limb
of the internal capsule. These vessels are
especially prone to damage and rupture
with hypertension. Strokes affecting these
branches will damage the sensory and
motor systems coursing through the genu
and posterior limb of the capsule. This will
result in sensory and motor deficits affecting
the contralateral side of the head and limbs.
The internal capsule is discussed later.

•

The left middle cerebral artery supplies
the essential areas for speech which are
located on the lateral surfaces of the left
frontal, parietal, and temporal lobes. A stroke
involving these branches results in major
speech disturbances. Language disorders
are discussed later.

Lateral striate (lenticulostriate) arteries

Anterior
chorodial
artery

Middle cerebral
artery
Anterior chorodial
artery (to parts of
the basal ganglia
and parts of the
posterior limb)

FIGURE 11.8 Lacunar Branches of
Internal Carotid Artery
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2. Anterior Cerebral Artery
The anterior cerebral artery branches from the internal carotid artery at a 90-degree
angle and is much smaller in caliber relative to the MCA. It encircles around the genu and
body of the corpus callosum to supply the medial cortex. The anterior communicating
artery is located immediately in front of the optic chiasm and serves to connect the right
and left anterior cerebral arteries.
The anterior cerebral artery supplies the following parts of the cortex:
1.

The medial surfaces of the frontal and parietal lobes.

2. Genu and body of the corpus callosum (anterior 4/5).
3. The paracentral lobule containing the motor and sensory cortical areas that provide
innervation for the contralateral lower limb.
4. A medial striate branch from the distal anterior cerebral artery provides blood flow to
the anterior limb of the internal capsule.
5. Note the anterior cerebral artery does not perfuse the medial aspect of the occipital
lobe.

3. Posterior Cerebral Artery (PCA)
The basilar artery divides at the upper border of the pons into the paired posterior
cerebral arteries. The posterior cerebral arteries are connected to the internal carotid
arteries by the posterior communicating arteries.
The posterior cerebral artery passes laterally around the midbrain and supplies the
following parts of the cortex:
1.

Splenium of the corpus callosum (posterior 1/5).

2. Medial and lateral surfaces of the occipital and lower temporal lobes.
3. Most of thalamus.
4. Midbrain.

Clinical Application
The anterior and posterior communicating arteries are common sites of rupture resulting
in berry aneurysms, with the anterior communicating being the most commonly
involved. Aneurysms of the anterior communicating artery compresses the optic
chiasm producing bitemporal heteronymous hemianopia. Aneurysms of the posterior
communicating artery compresses CN III producing classic oculomotor nerve
pathology.
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Watershed area
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Middle cerebral a.

Posterior cerebral a.
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Anterior cerebral artery
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medial view

FIGURE 11.9 Watershed Area of Brain
Watershed areas of the brain occur along the border zones where two major vascular
systems are adjacent but without adequate blood supply (Fig. 11.9). The tissues within
the watershed areas are not as well perfused as other parts of the brain. Sudden loss of
systemic blood flow results in the watershed areas being the first to become ischemic. The
major watershed areas occur where the middle cerebral and the anterior cerebral vessels
overlap at the superior crest of the hemispheres, and in the middle of the temporal lobe
where the middle cerebral vessels overlap with the posterior cerebral vessels.
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Important Functional Areas of the Cortex

Functional maps of the cortical surface demonstrate that certain areas can be assigned
to various motor and sensory functions. Dr Brodmann’s research established an extensive
reference map for cortical assignment to specific functional areas. The more clinically
important functional areas are shown in Figure 11.10 and outlined in Table 11.1.

Primary motor
cortex (area 4)
Premotor area
(area 6)

Frontal eye field
(area 8)
(contralateral gaze)

Central fissure

B
CST

Somatosensory
cortex area (3,1,2)

D

Somatosensory
association cortex

A
CBT C

Lateral fissure

Angular gyrus
(area 39)

Broca area
(area 44,45)
(motor speech)

Visual association
cortex

Prefrontal
association
cortex

Primary visual cortex
(area 39)

Auditory cortex
(Heschl gyrus;
areas 41,42)

Wernicke area
(area 22)

CST = Corticospinal tract
CBT = Corticobulbar tract

Language center
Wernicke for auditory language
Angular for written language

FIGURE 11.10 Major Functional Areas of Cortex: Lateral View

Table 11.1: Specialized Areas of Cortex

Brodmann’s
Area
4
6
8

Name

Function

Primary motor cortex
Premotor cortex
Frontal eye field

Voluntary muscle activation

44, 45

Broca’s area

Motor aspect of speech

3, 1, 2

Primary sensory cortex

Somatosensory

39

Angular gyrus

Language Comprehension

Occipital lobe

17

Primary visual cortex

Language Comprehension

Temporal lobe

41
42
22

Primary auditory cortex
Associative auditory cortex
Wernicke’s area

Auditory

Frontal lobe

Parietal lobe

12

Eye movement

Language Comprehension
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The frontal lobes form the largest area of the brain, comprise approximately one-third
of the cerebral hemispheres, and are functionally diverse. Some of the major areas are
described below.
1.

The primary (precentral gyrus) and premotor cortical areas (areas 4,6, respectively)
are on the lateral surface of the frontal lobe, immediately anterior to the central
fissure. These areas continue onto the medial surface where they form the
paracentral lobule.
a. The primary motor cortex houses the UMN of the major descending tracts of the
spinal cord and brainstem (corticospinal and corticobulbar). The homunculus
demonstrates that the head, trunk, and upper limb are represented on the lateral
surface of the frontal lobe and the pelvis and lower limb are represented on
the medial surface of the frontal lobe. Unilateral lesions of these areas produce
contralateral spasticity.
b. The premotor cortex functions in programing and planning of movements.
Lesions in this area result in apraxia with problems performing the correct
sequence of complex movements.

2. The frontal eye fields (area 8) are immediately anterior to the primary motor areas.
The frontal eye fields are responsible for the cortical control of contralateral, horizontal
volitional gaze. These are discussed in the brain stem chapter.
3. The Broca’s area (areas 44,45) is one of the major cortical speech areas that
functions in the motor planning for mechanical speech. It is located in the inferior
gyrus of the frontal lobe bordering the horizontal fissure and is immediately adjacent
to the primary motor cortex of the head region. Language disorders are discussed
later.
4. The prefrontal association cortex is the largest part of the frontal lobe and forms
the anterior pole of the brain. The prefrontal region receives inputs from all regions of
the cortex. This area has many varied functions including planning, social behavior,
judgement, decision making, and goal-directed behavior. Prefrontal lesions result
in impaired judgement, lack of social behavior, lack of ambition, and disinterested in
one’s physical appearance. Individuals also show infantile actions of the suckling and
grasping reflexes.

Parietal Lobe
The parietal lobe is located posterior to the central sulcus and borders the occiputal lobe
posteriorly and the temporal lobe inferiorly. It contains the somatosensory area of the
cerebral cortex.
1.

The postcentral gyrus of the parietal lobe contains the receptive somatosensory
cortex (areas 3,1,2). The upper limb and head regions are represented laterally, and
the pelvis and lower limb are represented medially at the paracentral lobule. These
areas receive large amount of sensory input from the VPL and VPM nuclei of the
thalamus. Lesions result in contralateral anesthesia of the limbs and head.
13
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2. The angular gyrus is a small area located on the lateral aspect of the lower, parietal
lobe. It is part of the language interpretive center that functions in the interpretation
of the written language.
3. The parietal association cortex is the area posterior to the somatosensory cortex. It
functions in the sequencing of motor tasks. Lesions result in astereognosis (not able
to recognize shape and texture) and apraxia (inability to perform learned motor skills
with no paralysis).

Temporal Lobe
The temporal lobe is separated from the frontal and parietal lobes by the horizontal
fissure. It is related posteriorly to the occipital lobe.
1.

The primary auditory cortex or Heschl’s gyrus (areas 41,42) is located in the anterior
part of the superior gyrus of the temporal lobe. The sensory input to the auditory
cortex is from the medial geniculate body of the thalamus. Each auditory cortex
receives bilateral sound projections from both ears. Unilateral lesions of this area
result in a decreased ability to determine sound direction but only a minimal
decrease in hearing as discussed in the brainstem chapter.

2. The Wernicke’s area lies posterior to the auditory cortex in the superior temporal
gyrus. It borders along the lateral fissure and is adjacent to the angular gyrus of the
parietal lobe. The Wernicke area is another component of the language interpretive
center and is involved in interpreting spoken language.

Occipital Lobe
The occipital lobe forms the posterior pole of the brain and includes the primary visual
cortex and visual association areas.
1.

The primary (calcarine) visual cortex (area 17) occupies the posterior pole of the
occipital lobe. The visual cortex receives contralateral visual field inputs via the optic
radiations from the lateral geniculate body of the thalamus.

2. The visual cortex is divided into upper and lower gyri by the calcarine fissure.
a. The cuneus forms the upper gyrus of the visual cortex. It receives input from the
contralateral inferior visual field quadrants.
b. The lingual forms the lower gyrus of the visual cortex. It receives input from the
contralateral superior visual field quadrants.
3. The macula region of the primary visual cortex is a map of the macula region of the
retina. The macula region of the cortex has a double blood supply from the posterior
cerebral and middle cerebral arteries. This double blood supply is the basis for
macular sparring seen in visual field defects with occlusion of the PCA. Visual field
defects are discussed in the chapter on the Visual System.
4. The visual association areas lies anterior to the primary visual cortex. This area is
involved with determining forms, shape, color vision, and movement. Lesions results in
loss of movement perception and defective color vision.
14
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The expression of language involves multiple areas of the cortex including Broca’s,
Wernicke’s, and the angular gyri and the fibers of the arcuate fasciculus. These areas
are found in the frontal, parietal, and temporal lobes and mostly border the lateral Sylvian
fissure. These language areas are found on each hemisphere, but the left hemisphere is
dominant for language for over 95% of the population.
Aphasiac patients present with different degrees of agraphia (not able to write) and
difficulty repeating words. Language disorders often result from a stroke, tumors, or
trauma in these areas which are supplied by the left middle cerebral artery.
The primary components of language are fluency, repetition, and comprehension.
These are compared in the major language disorders (aphasias) described below.

1. Broca’s Area: Expressive or Motor Aphasia
Broca’s area (44 and 45) is located in the inferior gyrus of the frontal lobe (Fig. 11.10). It
borders the lateral fissure and is immediately adjacent to the primary motor cortex for
the head region. It functions in the programming of mechanical speech that involves the
movement of muscles necessary for speech and forming words into logical sentences.
The programming of the Broca’s area is transmitted to the primary motor cortex that
controls the muscles of the tongue, mouth, lips, and vocal folds for the motor production
of speech. Broca’s area receives blood supply from the superior division of middle
cerebral artery.
Lesions of Broca’s area present clinically as expressive or motor aphasia. This type of
aphasia is characterized by:
1.

Non-fluent speech. Speech is slow and deliberate with poor articulation. Many
words are left out of the sentence structure (telegraphic speech).

2. Normal language comprehension. Individuals can understand what they hear and
read because the Wernicke and angular gyri and not damaged.
3. Individuals are aware of the inability to speak and become very frustrated.
4. Difficulty in naming items.
5. Impaired repetition of words.
6. Agraphia.

2. Wernicke’s area and the Angular gyrus (area 39) : Receptive or
Sensory Aphasia
The Wernicke’s area (22) is located in the posterior part of the superior temporal gyrus
(Fig 11.10), and the angular gyrus (39) is superior to the Wernicke’s area at the lower part
of the parietal lobe. These two areas are referred to as the language interpretive center.
Wernicke’s area is involved in interpreting the spoken word, and the angular gyrus is
involved in interpreting the written word. Wernicke’s area receives blood supply from the
inferior division of middle cerebral artery.
15

11

Neuroanatomy

Lesions of these areas present clinically as receptive or sensory aphasia. The
characteristics of receptive or sensory aphasia are listed below :
1.

Fluent speech. With Broca’s area intact, production of speech is fluent, but because
of the lack of language interpretation, words are used improperly. The speech is
meaningless with substitution of incorrect words. This type of speech pattern is
referred to as word salad.

2. Impaired language comprehension. The individual does not understand either the
written or spoken language.
3. Not frustrated because they are not aware of their language disorder.
4. Impaired naming and repetition.
5. Agraphia.

3. Arcuate Fasciculus: Conduction Aphasia
The arcuate fasciculus is composed of association fibers that course through the
parietal lobe and interconnect the Broca’s and Wernicke’s areas. A lesion of these fibers
results in conduction aphasia that is similar to receptive aphasia and is characterized by :
1.

Normal fluent speech. Although language comprehension is intact, the individual
makes several attempts to say the right words.

2. Normal language comprehension.
3. Major impairment in repetition of spoken language.
4. Major difficulty in naming common objects.

4. Transcortical Motor Aphasia
Transcortical motor aphasia is similar to expressive motor aphasia but involves the
Broca’s region plus the prefrontal cortex superior to Broca’s area. Repetition is normal. This
lesion is characterized by the following.
1.

Non-fluent speech.

2. Normal comprehension.
3. Normal repetition.

5. Transcortical Sensory Aphasia
Transcortical sensory aphasia is similar to receptive sensory aphasia and involves
damage to areas beyond and around Wernicke’s area and the angular gyrus. Repetition
is normal. This lesion is characterized by the following.
1.

Fluent speech.

2. Impaired comprehension.
3. Normal repetition.
16
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Table 11.2: Review of Types of Aphasis
Aphasia Type

Fluency

Repetition

Comprehension

Broca’s

-

-

+

-

-

Transcortical motor
Wernicke’s
Transcortical sensory
Conduction

-

+

+

+

+
+

-

+
-

+

Additional Cortical Lesions
Gerstmann Syndrome
Gerstmann syndrome involves an isolated lesion of the angular gyrus (area 39) of the
inferior parietal lobe on the dominant hemisphere (left). This syndrome is characterized
by four unusual symptoms. These are:
1.

Agraphia

2. Acalculia(inability to do simple math)
3. Right-left disorientation
4. Finger agnosia

Hemineglect Syndrome
Hemineglect syndrome results from lesions of the non-dominant (right) angular
gyrus (area 39) of the parietal lobe. These individuals have a dramatic neglect of their
contralateral (left) world including the left side of their own body. These individuals are
not aware of this.
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Disconnect Syndromes

Disconnect syndromes occur with lesions of circuits that connect right and left sides of
the cortex. Two of the more common disconnect syndromes involve vascular infarcts
affecting different parts of the corpus callosum. The disconnect is most commonly
between the language center on the left and other parts on the opposite cortex.
Remember the corpus callosum has two blood supplies. The anterior four-fifths of the
corpus callosum (genu and body) is supplied by the anterior cerebral artery, and the
posterior one-fifth (splenium) is supplied by the posterior cerebral artery.

1. Transcortical Apraxia
Transcortical Apraxia (Fig 11.11) is the inability to perform a motor function upon voice
command. Although there are no motor weakness pathway lesions. The disconnect is
between the language center in the dominant left cortex and the frontal motor cortex
of the right hemisphere. The disconnect results from a vascular occlusion of the anterior
cerebral artery that supplies the anterior four fifths of the corpus callosum. The damage
to the anterior corpus callosum prevents information from the left language center
that normally crosses the anterior corpus callosum to reach the right motor cortex. For
example:
a. A verbal command to raise the left upper limb is made. The individual hears the
command but does not produce the movement even though the individual is
capable of raising right upper limb and can volitionally raise the left upper limb.
b. The absence of movement is due to the anterior infarct of the corpus callosum
(anterior cerebral artery). The infarct blocks the signal passing from the left language
center to the right primary motor cortex to activate movement of the left limb.
To left limb

To right limb

Right motor cortex
(controls left limbs)
disconnected from
left language center

Left motor cortex

Lesion in anterior
corpus callosum:
Blockage of anterior
cerebral artery
Corpus callosum
Language center

Left

Right

FIGURE 11.11 Transcortical Apraxia
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Alexia without agraphia (Fig. 11.12) describes an individual that cannot read but can write.
This results from a disconnect between the right visual cortex and the left language
center. This disconnect results from an occlusion of the left posterior cerebral artery
which supplies the splenium of the corpus callosum.
a. The left dominant visual cortex is lost due to the occlusion of the left posterior
cerebral artery.
b. The right visual cortex is intact but images cannot be transferred to the left language
center through the splenium for interpretation, resulting in an inability to read.
c. There is no disconnect between the left language center to either the right or left
motor cortices. Therefore, the individual can write.

Motor cortex

Lesion in splenium
of the corpus
callosum
Splenium

Left language
center

Right visual cortex
(disconnected from
left language center)

Left

Damaged left occipital lobe
and splenium:
Blockage of left posterior
cerebral artery

Right

FIGURE 11.12 Alexia Without Agraphia
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Internal Capsule

The internal capsule (Fig 11.13 and Table 11.3) is a v-shaped, compact bundle of white
matter located deep in the cortex. The internal capsule conducts many motor and
sensory pathways coursing to and from the cortex. The thalamic nuclei send sensory and
two motor projections through the internal capsule into the cortex. Other motor fibers
descend from the cortex through the internal capsule (corticospinal, corticobulbar, and
corticopontine fibers).
Lesions of the internal capsule result in contralateral deficits of the head, trunk and
limbs. Thus, infarcts of the capsule can result in major contralateral sensory and motor
deficits on the opposite of the body.
In a horizontal reaction through of the brain, the internal capsule is divided into the
anterior limb, genu, and a posterior limb. Note the caudate nucleus and thalamus are
medial to the capsule and the putamen and globus pallidus are lateral to the capsule.
1.

Anterior limb - Located between the caudate and putamen nuclei and contains
limbic projections, thalamic projections, and corticopontine fibers.

2. Genu - Contains mostly corticobulbar fibers
3. Posterior limb - Located between the thalamus and globus pallidus and contains:
a. Descending corticospinal tract fibers (UMN) for upper and lower limbs course
anteriorly in the posterior limb and
b. Most of the major sensory pathways (including auditory and visual projections)
course in the posterior third of in the posterior limb.

Lateral ventricle
frontal horn

Caudate neucleus

Internal capsule :
Anterior limb
Genu

Putamen
Corticobulbar tract
(contralateral lower face)

Posterior limb

Corticospinal tract
(contralateral upper
and lower limbs)

Globus pallidus
Thalamus

Sensory pathways
(contralaterl head and limb)

Lateral ventricle
posterior horn

Third ventricle

Left
FIGURE 11.13 Internal Capsule
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Table 11.3: Organization of Internal Capsule
Internal Capsule

Arterial Supply

Tracts

Anterior limb

Medial striate branches of ACA

Frontopontine of
cerebellar pathways

Genu

Lenticulostriate (lateral striate
artery) and anterior chorodial
artery branches of MCA

Corticobulbar

Posterior limb

Lenticulostriate branches of MCA
(lateral striate artery)

1. Corticospinal
2. Somatosensory tracts
3. Optic and auditory radiations

Pattern of Lesion Presentation with Damage to the Internal Capsule
1.

Genu — Contralateral lower face weakness of muscles around the mouth due to
supranuclear lesion of corticobulbar fibers affecting CN VII.

2. Anterior part of the posterior limb — Contralateral upper and lower limb spasticity due
to lesion of corticospinal tract.
3. Posterior part of posterior limb — Contralateral trunk, limb, and face anesthesia due to
lesion of spinal cord sensory long tracts and CN V, respectively.
4. Lateral part of posterior limb — Auditory and visual disturbances (discussed in
brainstem and visual chapters).

Pattern of Supranucler Lesion (Fig. 11.14)
Contralateral anesthesia
of face and lower face weakness

Side of
supranuclear
lesions

Contralateral anesthesia and
muscle weakness of trunk
and limbs
FIGURE 11.14 Supranucler Lesions
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Limbic System

The limbic system (Fig. 11.15) has many complex connections that includes many cortical
and subcortical structures. These structures are located primarily on the medial aspect
of the hemispheres and not visible on the lateral surface. The limbic system forms a ring
of cortical structures that surrounds the corpus collosum at the junction of the brainstem
and the diencephalon. The system includes a complex network of functional connections
with other areas such as the cortex, diencephalon, brainstem, and basal ganglia.
Although there are a variety of structures that comprise the limbic system, the primary,
key functional areas are the hippocampus and parahippocampal gyrus, amygdala,
anterior and dorsomedial thalamic nuclei, mammillary bodies, cingulate gyrus, and
parts of the olfactory pathway. The hippocampus and amygdala are embedded
on the medial surface of the temporal lobe. Closely related to the limbic system are
connections with the hypothalamus, brainstem, and cortex.
The basic functions of the limbic system with the structure involved:
1.

Memory and learning : Hippocampal formation.

2. Emotions, sex drive, and behavior : Amygdala.

3. Visceral functions of olfaction and feeding : Olfactory and hypothalamus.
4. Homeostasis: Hypothalamus.

Primary components of the limbic system are illustrated below :

Cingulate
gyrus

Corpus callosum

Fornix

Thalamus
Hippocampus
(medial temporal lobe):
Consolidation
of memory
(short - term to
long - term memory)

Mammillary
bodies
Olfactory bulb

Parahippocampal
gyrus

FIGURE 11.15 Limbic System
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The hippocampus is an elongated, rolled structure embedded in the medial aspect of
the temporal lobe where it is continuous with the fornix. The fornix is the major efferent
outflow of the hippocampus to the diencephalon. The hippocampus plays a key role in
memory and learning. It is essential for the consolidation of short-term memory (up to
an hour) to long-term memory.

Papez Circuit
The hippocampus is the center of the Papez circuit comprised of a series of neuronal
connections that are involved with memory and learning.
An outline of the Papez circuit is listed below:
Hippocampus
fornix
nuclei
cingulate gyrus

mamillary bodies
Hippocampus

anterior and dorsomedial thalamic

Amygdala
The amygdala is a nuclear network of gray matter nuclei embedded in the medial
surface of temporal lobe anterior to the hippocampus and inferior to the uncus of the
temporal lobe. It is associated with pleasurable responses, emotions of fear and rage,
and plays a role in aggressive behavior. It’s connections also underlie the sex drive. The
amygdala receives numerous sensory inputs and projects to the association areas of the
cerebral cortex and hypothalamus.

Clinical Lesions Involving the Limbic System
1. Anterograde Amnesia
Bilateral damage to the hippocampus and medial temporal lobes results in the loss of
recent memory and the inability to form new memories (anterograde amnesia). The
individuals are able to retain long-term memories, Intelligence and past memories in
these individuals remain intact.

2. Wernicke-Korsakoff Syndrome
This syndrome results from a thiamine deficiency typically seen in long-term alcoholics
and others with poor nutrition. The presenting lesion is bilateral necrosis of the
mammillary bodies of the diencephalon and the dorsomedial thalamic nucleus. The
early stage of this disease is referred to as Wernicke encephalopathy characterized
by ataxia and confusion. When fully developed, Korsakoff syndrome is characterized by
loss of anterograde memory (inability to form new memories) and loss of retrograde
memory (loss of past memories). The individual is characterized by confabulations
where they compensate for the loss of memory by making up wild stories.

3. Kluver-Bucy Syndrome
This syndrome results from bilateral lesions of the amygdala and hippocampus. These
individuals show a decrease in aggressive behavior, become placid with little emotion,
tend to place objects in their mouths, and become hypersexual with lack of inhibition.
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4. Alzheimer’s Dementia
Alzheimer dementia begins with the accumulation of neurofibrillary tangles and plaques
in the limbic system that leads to the degeneration of neurons in the hippocampus
region.

Clinical Application
This midsagittal MRI of the head is an excellent composite of many of the CNS lesions
discussed throughout the Neuroscience chapters. Practice identifying the numbered
structures and relate to neurological pathology associated with each item (Fig 11.16).
01. Pituitary
02. Optic chiasm
03. Cingulate gyrus

4
3

04. Primary motor cortex

5

05. Primary somatosensory
cortex
06. Corpus callosum
(body)

6
9

2 7
1

10 11
14
16

8

07. Hypothalamus

12
13

15

08. Pineal body
09. Splenium
10. Mammillary body
1 1. Midbrain
12. Cuneus gyrus
13. Lingual gyrus
14. Pons
15. Cerebellar vermis

17

16. Medulla
17. Spinal cord

CNS Structures : Midsagittal MRI

FIGURE 11.16 CNS Structures: Mid Sagittal MRI
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