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PREFACE
The study of neuroscience and neuroanatomy forms a critical part
of the training of the physician. The primary goal of this textbook is to
present the clinical and functional applications of neuroanatomy as
needed by the physician without the massive amount of structural
details that leads to just memorization without understanding the
relevance of the nervous system to clinical practice. Essential amounts
of structural detail are provided that are required to understand the
clinical application of the nervous system. In addition, these topics will
provide the critical level of information necessary for the student to
succeed in the pre-clinical curriculum, successfully navigate the Step 1
exam, and move into clinical training.

The neurologic exam and the observed clinical symptoms of the
patient provide multiple opportunities for the clinician to utilize the
clinical application of the functional and structural knowledge of
neuroanatomy in neurological diagnosis. This allows the clinician
opportunity to develop a logical thinking process as a basis for
clinical diagnosis. Thus, the anatomical and physiological principles of
neuroanatomy become of paramount importance. Providing those
principles is the goal of this textbook.

Jack L. Wilson
Angela R. Cantrell
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NEURULATION AND
EARLY NEURAL
DEVELOPMENT
Objectives
Explain neurulation and the early development of the
nervous system.
Define the roles of neuroectoderm and neural crest
cells in nervous system development.
Understand the time line and the importance of
the notochord, neural plate, and neural groove
in the formation of the neural tube.
Describe formation of primary and secondary
brain vesicles in the fifth week.
Note the closure of the neural tube at the
anterior and posterior neuropores in the
fourth week.
Describe the types of neural tube defects
(spinal bifida and anencephaly).

Neurulation And Early Neural Development
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NEURULATION AND EARLY NEURAL DEVELOPMENT
Neurulation and Early Development

The nervous system begins its early development in the dorsal midline of the embryo.
It develops from ectoderm in the latter half of the third week immediately after
gastrulation. During gastrulation, the three germ cell layers (ectoderm, mesoderm, and
endoderm) are formed by the migration of epiblast cells.
The major steps in neurulation and early developmental events that occur in the latter
part of the third and fourth weeks are listed below and shown in Figure 1.1.
The three early stages of neurulation include the developments of the neural plate, neural
groove, and the neural tube as described below.
1.

The notochord develops at the end of gastrulation. The presence of the notochord
induces a thickening in the dorsal, midline ectoderm to differentiate to form
the neural plate (neuroectoderm). This marks the beginning of nervous system
development. In the adult the notochord forms the nucleus pulposus of the
intervertebral disc.

2. The neural plate grows from cranial to caudal in the dorsal midline and invaginates
to form the midline neural groove by day 20. At the surface, the lateral margins of
the neural groove thicken and elevate to form neural folds.
3. Neural crest cells are specialized cells that develop from the neuroectoderm within
the lateral margins of the neural folds. These cells will eventually split away from the
neural tube and migrate throughout the embryo during embryogenesis (3rd - 8th
week) where they contribute to the development of multiple types of tissues.
4. Neural folds elevate dorsally and arch across the dorsal midline. Their fusion initiates
the closing of the neural groove to form the neural tube. The initial closure of the
neural tube begins in the central region of the dorsal midline beginning on Day 22.
The last parts of the neural tube to close are the cranial and caudal neuropores on
days 25 and 27, respectively.
5. Further differentiation of the neuroectoderm of the neural tube results in the
formation of the basal and alar plates. The ventral part of the neural tube (basal
plate) forms future motor neurons and pathways. The dorsal part of the neural
tube (alar plate) develops into future sensory neurons and pathways. The two
plates are separated by the sulcus limitans separating the motor and sensory
areas of the neural tube.
6. The paraxial mesoderm on either side of the notochord condenses to form somites.
These blocks of mesoderm form segmentally and contribute to the development
the axial skeleton and skeletal muscles of the limbs and trunk.

1
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Dorsal View
DAY 18
Cranial

Cross Section View

Neural plate
A

Dorsal

Neural groove

Neural plate
(neuroectoderm)
Ectoderm

A

Mesoderm

Endoderm
Notochord
(induces formation
of neural plate)

Ventral

Primitive node
Primitive streak

Caudal

Neural fold

DAY 20
Neural plate

Neural fold

Neural groove

B

Neural groove

Intermediate
Paraxial mesoderm mesoderm
(somite)

B

Neural fold

Cut edge
of amnion

DAY 22

Neural groove

Neural crest

C
Neural fold
Notochord

C
D
E

Neural tube

Neural crest

Sulcus
limitans

First closure
of neural tube

Alar plate (sensory)
Somite

D

Rostral neuropore
(closes at Day 25)

Basal plate (motor)

Failure to close results in
anencephaly, resulting in
polyhydraminos and
increased a fetoprotein (AFP) and
acetylcholinesterase (AChE)
levels

Neural
Tube
Defects
(NTDs)

Lateral plate
mesoderm

Caudal neuropore
(closes at Day 27)
Failure to close results in
spina bifida and increased
a fetoprotein and
acetylcholinesterase (AChE) levels

Neural tube (CNS)
Sulcus
limitans

Neural crest (PNS)
Somite
Surface
ectoderm

E

Endoderm
Forms ventricular system

FIGURE 1.1 Early Development of the Nervous System
Note: 1. Folic acid taken prenatally reduces the rate of neural tube defects. 2. Body wall defects
(NTDs, omphalocele, and gastroschisis) can result in elevated levels of AFP during pregnancy
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Fifth Week of Development

After neural tube closure at the end of the fourth week, the neural tube forms three
cranial dilations called primary vesicles early in the fifth week (Fig. 1.2):
1.

Prosencephalon (forebrain)

2. Mesencephalon (midbrain)

3. Rhombencephalon (hindbrain)
Immediately after the primary vesicles form in the fifth week, they then divide into five
secondary vesicles. The progressive developments of the vesicles and their adult
derivatives are shown below.
3 Primary
vesicles

CNS

Ventricles

Telencephalon

Cerebral hemispheres
Basal ganglia

Lateral
ventricles

Diencephalon

1. Thalamus
4. Subthalamus
2. Hypothalamus 5. Retina and
3. Epithalamus
optic nerve

Third
ventricle

Forebrain

Midbrain

Hindbrain

Adult Derivatives

5 Secondary
vesicles

Mesencephalon

Midbrain

Metencephalon

Pons
Cerebellum

Myelencephalon

Medulla

Neural
tube

Spinal cord

Cerebral
aqueduct

Optic
disc

Fourth
ventricle

Central canal

FIGURE 1.2 Fifth Week of CNS Development

Normal Neural Development from Germ Layers
Neuroectoderm (CNS):
• Neural tube Forms:
1

Central nervous system

3

Posterior pituitary ( Neurohypophysis)

2

4

5

Retina and optic nerve (actually a CNS tract from diencephalon)
Astrocytes

Oligodendrocytes (Myelinate CNS axons and CN II; damaged in multiple sclerosis)

• Neural crest (PNS) Cells Form:
1

Sensory ganglia - pseudounipolar neurons (or unipolar)

3

Schwann cells (Myelinate PNS axons; damaged in Guillain-Barre)

2

Autonomic ganglia - postganglionic motor neurons

3

1
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Abnormal Development of the Nervous System

Neural Tube Defects

Failure of the cranial or caudal neuropores
to close by the end of fourth week results in
neural tube defects (NTD) as listed below.
Neural tube defects often result in elevated
levels of a fetoprotein (AFP) and AChE level.

Hairs
Skin

Dura mater

A

Anencephaly is a very, severe birth defect
resulting from failure of the cranial neuropore
to close at day 25. This results in failure of
the cranial bones to form and failure of the
brain to develop. This is incompatible with
life and most are stillborn. The inability to
swallow results in polyhydramnios. There
are increased AFP and AChE levels during
pregnancy.

B. Cysticas. The following represent
NTDS (cysticas) with variable degrees
of neurological defects. Spina bifida
cysticas share the same vertebral arch
defect described in occulta above but
also include spinal cord and meningeal
malformations. The three major types are
described below:
1.

Vertebral
body
Spina bifida occulta

Meninges

CSF

Dura mater

Subarachnoid
space
Intact spinal
cord

B

Spina bifidas (Fig. 1.3) occur with failure of the
caudal neuropore to close at day 27. Spina
bifidas are classified into several types and
are shown in the figures to the right.

Meningocele

Herniated
spinal cord
and
Spinal nerves

Cysticas

A. Spina bifida occulta is not a true NTD
and is actually a defect of mesoderm
development resulting in the failure of
the laminae and spines of the vertebral
arches to fuse around the spinal cord
at one or more of the lumbar vertebrae.
There is no cord herniation or neurological
defects present. No increased AFP.

Transverse
process

C
Meningomyelocele
neural tissue
Remnant of
spinal cord

D
Myeloschisis
(Rachischisis)

FIGURE 1.3 Spina Bifidas

Meningocele with spina bifida is a failure of the caudal neuropore to close resulting
in a cyst containing CSF lined by meninges. Meningocele occurs in the dorsal midline
with limited neurological defects. Increased AFP and AChE levels.

2. Meningomyelocele with spina bifida is a significant neural tube defect that involves
herniation of the meninges with parts of the lumbar spinal cord and spinal nerves.
Major motor and sensory defects are present in the lower limbs with incontinence
of bladder and bowel functions. Frog-leg posture is seen with lumbosacral nerve
damage. Often seen with Arnold-Chiari II. Increased AFP and AChE levels.
4
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3. Myeloschisis (rachischisis) is the most sever type of spina bifida with an open neural
tube and limited lower spinal cord development. There are severe motor and sensory
lower limb defects seen in these newborns. Increased AFP and AChE levels.
Dandy-Walker Syndrome
1.

Partial or complete congenital agenesis or hypoplasia of the vermis of the
cerebellum

2. Absence of or failure of the foramina of Luschka and Magendie to open; dilated
fourth ventricle
3. Results in trunk (cerebellar) ataxia (loss of motor function, coordination, and
development of motor skills) and hydrocephalus
Arnold-Chiari Malformation: Type II (newborn)
1.

Congenital displacement and herniation of the medulla and cerebellar tonsils
through the foramen magnum into the vertebral column

2. Compresses fourth ventricle and flow of CSF

3. Results in cerebellar dysfunction and hydrocephalus
4. Often seen with meningomyelocele and syringomyelia
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HISTOLOGY OF
THE NERVOUS
SYSTEM
Objectives
Describe the histological structure of the two main
cell populations in the nervous system (neurons and
glial cells) with their functions in the central and
peripheral nervous systems.
Explain the different types of neurons used in
sensory and motor pathways.
Describe the glia cells responsible for
myelination of axons in the central and
peripheral nervous system.
Explain the two types of axon transport
(anterograde and retrograde) and the
process of axon regeneration.

Histology Of The Nervous System
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The nervous system contains two main types of cells: neurons and
glial or support cells.

Neurons
Neurons are the basic structural and functional units of the nervous system.
They are responsible for (1) the transfer of information and (2) the production of
neurotransmitters (excitatory and inhibitory). The many billions of neurons in the nervous
system can be organized into three main types of neurons based on their cell shape and
the number of processes (Fig. 2.1) as described below. Neurons communicate with each
other via electrical (gap junctions) or chemical synapses, with chemical synapses being
the most common type.
CNS

Dendrites

Soma

Central
process

Axon
hillock

Soma
(in sensory
ganglia)
PNS

Axon

Peripheral
process

1. Unipolar

(pseudounipolar)

2. Bipolar

(CN I, II, VIII)

3. Multipolar

Sensory

Figure 2.1 Types of Neurons
1.

Unipolar (pseudounipolar) neurons are sensory in function and distribute in PNS
within spinal and cranial nerves. The cell bodies of these neurons are located in
sensory ganglia of the PNS. The peripheral processes of unipolar neurons course
distally through the spinal and cranial nerves and receive sensory information from
the sensory receptors located in the skin and muscles. . The unipolar neuron has
a central process that courses through the dorsal root of the spinal nerves or the
cranial nerves to enter the CNS.

2. Bipolar neurons are also sensory in function. They are only associated with three
cranial nerves: CN II (retina); CN VIII (spiral and vestibular ganglia); and CN I (olfactory
epithelium).
1
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3. Multipolar neurons are motor or sensory in function. They are the most numerous
and found throughout the nervous system. The cell bodies are located in spinal cord
gray matter, brainstem motor nuclei, or in motor ganglia of PNS.

The structural organization of the multipolar neuron is illustrated in figure:
2.2:

..

Cytoplasm contains
cytoskeleton

Golgi Apparatus
Nucleus

Soma

Dendrites

Microtubules- Transport
Neurofilaments- Structural
support

Axon hillock

(Trigger zone for
action petential)

Initial segment
of axon
Myelin sheath

Mitochondria
Nucleolus

..

Nissl substance (RER)
Oligodendrocyte

Forms myelin in CNS

Undergoes inflammatory
reaction in multiple sclerosis

Central nervous system

Peripheral nervous system
Node of Ranvier
Axon

..

Schwann cell

Forms myelin in PNS
Undergoes inflammatory
reaction in Guillain-Barré
syndrome

Bouton and storage
vesicles

Figure 2.2 Structure of a Multipolar Neuron
1.

Dendrites are receptive in function and make synaptic contact with many upstream
neurons. They are multiple, highly branched, and represent tapered extensions from
the cell membrane of the soma (cell body). Dendritic spines function to increase the
surface area of the dendrites.

2. The cell body (soma) is the control center of the cell. It contains the nucleus
(with nucleolus) and all of the classic organelles (Golgi apparatus, mitochondria,
endoplasmic reticulum (Nissl substance), and cytoskeletal components
(neurofilaments, microfilaments, and microtubules).
3. Axons have a uniform diameter and form a single extension from the cell body that
can course great distances to end in a dilated bouton (contains storage vesicles for
neurotransmitters). Note that the cytoplasm of the axon lacks Golgi apparatus and
Nissil substance, thus proteins are not produced here. Axons form the conductive
part of the neuron.
2
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Glial cells (neuroglia) comprise a very large population of cells in the CNS and PNS that
are essential for normal neuron function. They form a structural support for the nervous
system. Glia cells are active in cell division and mitosis throughout life and more so
following pathology of the nervous system. Gliomas are some of the more common and
deadly of the primary brain tumors in the CNS.
Some of the major types of glial cells are listed below. Most of these cells are in the CNS
(derived from neuroectoderm) except for Schwann cells (derived from neural crest
cells) that are located in the PNS.
1.

Astrocytes are the largest and most numerous of the glial cells. They are critical for
neuron function. Their primary functions include; (1) removal of neurotransmitters
(glutamate and GABA) from the synaptic space, (2) removal of K+ from the
extracellular space, (3) provide foot plates that play a role in the blood-brain barrier
along with tight junctions and basal lamina, and (4) forming scar tissue following
neuronal pathology. Astrocytes contain glial fibrillary acidic protein (GFAP) used in
pathology as a marker to identify tumor.

2. Oligodendrocytes are involved in CNS myelination of multiple axons (30-60 axons).
These cells are injured in multiple sclerosis.
3. Schwann cells are involved in PNS myelination of axons. Nodes of Ranvier are gaps
in the myelin sheath of a peripheral axon between adjacent Schwann cells that allow
faster electrical impulse to move down the axon (saltatory conductions). Schwann
cells only mylinate one segment of neurons between the nodes of Ranvier. These cells
are damaged in Guillian-Barre syndrome.
4. Microglia are phagocytic cells that remove debris and invading bacteria in the
nervous system. These develop from monocytes and migrate to injury site.
5. Ependymal cells line the ventricles. Specialized ependymal cells form the choroid
plexus in the lateral, third and fourth ventricles and produce most of the CSF.

3
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Axon Transport

Axonal transport (Fig. 2.3) is responsible for the movement of secretory products,
organelles, and proteins from the cell body to axon terminal (anterograde transport)
mediated by kinesin or from the distal axon terminal back to the cell body (retrograde
transport) mediated by dyncin. Transport in either direction utilizes microtubules as a
mechanism for transport. These two mechanisms and the proteins involved are shown in
the figure below.
Retrograde transport is clinically important because it is involved in transporting
pathological agents (polio, rabies viruses, herpes, and tetanus toxin) back towards the cell
body where they become dormant until they are activated.
Kinesin
Golgi apparatus

Anterograde
transport mediated
by kinesin
(100-400 mm/day)

Synapse

Microtubule

Dynein

Retrograde transport
mediated by dynein

Rough ER

(50-100 mm/day)

Receptor

Neurotransmitter

Figure 2.3 Axon Transport

Neuronal Regeneration
Damage to axons within the CNS or PNS by trauma or disease results in the removal of the
axon distal to the lesion site by a process called Wallerian (anterograde) degeneration.
This removal occurs via macrophages within 2-3 weeks in the PNS but takes considerably
longer in the CNS (up to several months).

Regeneration

Axon regeneration is potentially more successful in the PNS over time (axon growth of 1-3
mm/day) but requires intact Schwann cells to provide the myelin sleeve that guides the
direction of growth of the new axon.

Axon regeneration in the CNS is much more limited. Oligodendrites of the CNS do not
support regeneration, and typically the neuron will die and be replaced by scar tissue laid
down by the astrocytes.

Chromatolysis

The cell body of the damaged neurons undergo a process called chromatolysis which
involves several changes within the cell body:
1.

Nucleus moves to a peripheral location

2. Cell body enlarges and swells
3. RER is dispersed
4
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CRANIAL VAULT,
MENINGES, AND
CEREBROSPINAL
FLUID
Objectives
Identify the position and names of the foramina and
fissures that are on the cranial floor within the cranial
fossa.
Identify the cranial nerves and blood vessels that
course through these openings and understand
the clinical presentation of damage to these
nerves and blood vessels.
Describe the arrangement of the meninges
surrounding the brain and the formation of
dural venous sinuses,
Especially the implications of infections of the
cavernous sinus with damage to five cranial
nerves.
Define the development and clinical
consequences of intracranial hematomas
within the epidural, subdural, and
subarachnoid spaces.

Cranial Vault, Meninges, and Cerebrospinal Fluid
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CRANIAL VAULT, MENINGES AND CEREBROSPINAL FLUID
Foramina and Fissures of the Cranium
The skull forms a rigid and protective housing for the CNS within the cranium. The floor of
the cranial cavity is divided into the anterior, middle, and posterior cranial fossae. The
anterior fossa is at the most superior level and the posterior fossa is at the most inferior
level. These fossae are in contact with (or accompanied by) different parts of the brain
and also contain foramina and fissures that allow the nerves and vascular structures
to enter or exit the cranial cavity. Knowledge of the structure related to the floor of the
cranial cavity is clinically important.
The fossae and the openings in the floor of the cranial fossae with the structures that
pass through are illustrated in Figure 3.1.

Hypophyseal fossa
(sella turcia)

Lesser wing of
sphenoid bone

Cribriform plate (I)
(to nasal cavity)

CN: I
Frontal lobe

Superior orbital fissure
(III, IV, VI, ophthalmic
nerve and veins)(to orbit)
Foramen rotundum
(maxillary nerve)

Middle

Anterior
fossa

Optic canal(II and
ophthalmic artery)
(to orbit)

Cranial Fossae
Anterior

Cristia gali

CN:
II-VI
Temporal lobe

Middle
fossa

Foramen lacerum
Foramen ovale
(mandibular nerve)
Foramen spinosum
(middle meningeal
artery)

Posterior

Cerebellum
and brainstem

Internal auditory meatus
(VII and VIII)

Jugular foramen

(IX, X, and XI; Internal
jugular vein)
Hypoglossal canal (XII)
Petrous part of
temporal bone

Posterior
fossa

Foramen magnum
(XI, spinal cord,
vertebral arteries)

FIGURE 3.1 Cranial Floor - Foramina and Fissures
1
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The foramina and fissures on the base of the skull with the major structures passing
through are illustrated Figure 3.2:

Hard
palate

1° palate

Incisive canal

2° palate
Foramen lacerum
Foramen ovale
(mandibular nerve)
Foramen spinosum
(middle meningeal artery)
Carotid canal
(internal carotid artery,
carotid sympathetic nerve)
Stylomastoid foramen (VII)
Jugular foramen
(IX, X, XI; internal jugular
vein)
Hypoglossal canal
Foramen magnum
(XI, spinal cord,
vertebral arteries)

FIGURE 3.2 Base of Skull - Foramina and Fissures

Clinical Application
Head trauma can cause skull fractures that can result in:
1. Meningeal tears and CSF leakage
2. Hematomas
3. Contusion of the brain

2
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The brain within the cranial vault is invested by and protected by three connective tissue
layers: 1. pia mater, 2. arachnoid, 3. dura mater. The dural meninges are innervated by all
three divisions of C.N.V. The meninges are illustrated (Fig. 3.3) and described below:

Scalp

Dural venous sinus
(superior sagital sinus)

Emissary vein
Skull

Potential Spaces

Cerebral
(bridging)
vein

Cranial
meninges

Extradural
(epidural) space

Periosteal
dura mater

Subdural space
Subarachnoid
space

Meningeal
dura mater
Arachnoid
Pia mater

Cerebral
(bridging) veins
Dural foldings
(Faix cerebri)

Arachnoid granulations
Subarachnoid space (CSF)

FIGURE 3.3 Cranial Cavity: Frontal Section
1.

The pia mater is the innermost layer. It is a very thin, delicate, vascular layer that
tightly adheres to the surface of the brain and follows the course of the gyri and sulci.
The pia mater envelops blood vessels on the surface of the brain.

2. The arachnoid is the middle layer. It is a translucent, soft, spider-web like layer that
loosely surrounds the brain. The subarachnoid space lies between the pia mater
and the arachnoid layers and contains cerebrospinal fluid (CSF) that is formed
by the choroid plexuses of the brain. The pressure within the subarachnoid space
opposes the arachnoid layer against the inner surface of the dura mater. Arachnoid
granulations are extensions of the arachnoid layer into the superior sagittal dural
venous sinus and are the sites where CSF returns to systemic circulation.
3. The dura mater is the outermost layer. It is a tough, fibrous bag consisting of dense
connective tissue that forms a strong protective covering. The cranial dura is
composed of two layers: an external periosteal layer and an internal meningeal layer.
Except where they separate to form the dural venous sinuses, the two layers are fused
together as a single layer.The dura mater has most of its sensory innervation provided
by branches of the three divisions of the trigeminal nerve.
a. The outer periosteal layer is attached to the inner surface of the bones of the skull
and can be pulled away from the inner surface of the bones. The potential space
between the periosteal layer and the skull is the epidural (extradural) space (site
of the epidural hematoma).
3
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b. The inner meningeal layer of dura forms the true dura and is continuous with the
spinal dura at the foramen magnum and is sensitive to pain. At certain places in
the cranial vault, the meningeal dura forms foldings or duplications (falx cerebri,
tentorium cerebelli, and diaphragma sellae). These duplications are folds of
meningeal dura which divide the cranial vault into smaller compartments that
house and support different parts of the brain. The falx cerebri separates the
right and left cerebral hemispheres. The tentorium cerebelli forms the roof of the
posterior cranial fossa. The tentorium forms a midline tentorial notch for passage
of the midbrain of the brainstem. The tentorial notch is the site of uncal herniation.
The meningeal layer and the arachnoid follow a common course. The potential
space between them is the subdural space (site of the subdural hematoma).

c. The two layers of dura are fused together for most of their intracranial course
but do separate at certain locations to form vein-like dural venous sinuses that
collect and drain blood from the cranium.
4. The meninges and the cerebrospinal fluid provide a significant degree of protection
to the central nervous system

4
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Meningeal Spaces and their Relationship to Intracranial
Hemorrhages
1.

3

The epidural (extradural) space is a potential space located between the inner
surface of the skull bones and the periosteal dural layers. The middle meningeal
artery enters the cranial vault via the foramen spinosum and travels in the epidural
space to provide blood supply to the dura mater. Trauma to the head may result in
rupture of this artery and produce a lens-shaped epidural hematoma (Fig. 3.4A).
Epidural hematomas do not extend beyond sutures where the periosteal dura is more
firmly attached. Epidural hematomas are acute and requires emergency surgery.

2. The subdural space is another potential space that is located between the
meningeal dural and the arachnoid dural layers. This space is traversed by bridging
veins which can rupture following head trauma resulting in crescent-shaped
subdural hematoma (Fig. 3.4B). Usually, this hematoma takes days to weeks to show
symptoms.
3. The subarachnoid space is found between the pia mater and the arachnoid layers.
This is a pressured space containing cerebrospinal fluid that circulates around and
bathes the central nervous system. Arterial rupture at the circle of willis results in a
berry aneurysm with bleeding into this space.

FIGURE 3.4A Epidural Hematoma; James Heilman,
MD [CC BY-SA 4.0 (https://creativecommons.org/
licenses/by-sa/4.0)], CT.

FIGURE 3.4B Subdural Hematoma; Lucien Monfils [CC
BY-SA 3.0 (https://creativecommons.org/licenses/
by-sa/3.0)], CT.

Figure 3.4 Intracranial Hemorrhages
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Dural Venous Sinuses

Dural venous sinuses are vein-like spaces formed between the periosteal and meningeal
dural layers where they separate from each other. Most of these sinuses develop within
two of the major duplications formed by the meningeal dural layer: falx cerebri and the
tentorium cerebelli. The sinuses have no valves or smooth muscle walls. The venous
flow within the sinuses will collect into the internal jugular vein and drain from the cranial
cavity at the jugular foramen.
Note there are three primary structures that drain into the dural venous sinuses:
1.

Bridging veins (draining neural tissue)

2. Emissary veins ( draining between extracranial and intracranial)
3. Arachnoid granulations (drain CSF).

The major dural venous sinuses are the:
1.

Superior sagittal sinus

2. Inferior sagittal sinus
3. Straight sinus
4. Confluence of the sinuses
5. Transverse sinus
6. Sigmoid sinus

7. Cavernous sinus

8. Superior and Inferior petrosal sinuses
The arrangement and location of dural sinuses within the cranial vault are illustrated in
Figure 3.5:
Sagittal
sinuses

Falx cerebri

Superior
Inferior

Body of sphenoid

Tentorium cerebelli
Straight sinus

Drainage of
ophthalmic veins

Transverse sinus

Drainage of
deep face veins

Confluence
of sinuses
Sigmoid sinus

Cavernous sinus
Petrosal
sinuses

Superior
Inferior

Jugular foramen

Internal jugular vein

FIGURE 3.5 Dural Venous Sinuses
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Cavernous Sinus
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The paired cavernous sinuses (Fig. 3.6) are clinically important because they contain
the courses of five cranial nerves and their pathological involvement with infections. The
cavernous sinuses are found on either side of the body of the sphenoid bone and are
formed between the meningeal and periosteal layers of dura mater.
1.

The sinuses receive venous flow from the deep veins of the face (pterygoid plexus of
veins) and the ophthalmic veins (drain the orbit via the superior orbital fissure).

2. Venous flow drains posteriorly from the cavernous sinus via the superior petrosal and
inferior petrosal sinuses into either the transverse sinus or the junction of the sigmoid
sinus with the internal jugular vein.
3. The cavernous sinus is of clinical importance because it contains five cranial nerves.
Four of these nerves are located in its lateral wall ( III, IV, and the ophthalmic, and
maxillary divisions of V). Cranial nerve VI and the internal carotid artery (with
attached postganglionic sympathetic fibers) are located centrally in the sinus.
Optic chiasm

Hypothalamus

Pituitary gland

1. Oculomotor nerve (III)
Ocular
nerves

2. Trochlear nerve (IV)

Internal
cartoid artery
Pia mater
Subarachnoid
space

3. Abducens nerve (VI)
4. Ophthalmic nerve

Dura mater &
arachnoid

5. Maxillary nerve

Sphenoid sinus

Nasopharynx

FIGURE 3.6 Cavernous Sinus
Cavernous Sinus Thrombosis
Thrombi can form within the cavernous sinus as a result of bacterial infection. Infections
can spread from the skin of the face via veins draining through the orbit (ophthalmic
veins) into the sinus or from infections that spread through veins draining the deep face.
1.

Thrombi will impede blood flow with swelling and increased pressure in the sinus.

2. Pressure in the sinus can damage the three motor ocular cranial nerves (III, IV, and VI)
and result in diplopia.

3. Cranial nerve VI is compressed first, producing internal strabismus and diplopia. Later,
all three of the ocular nerves will be affected, with total paralysis of all six extraocular
muscles and the levator palpebrae muscle (ptosis).
4. Sensory deficits occur on the areas of the face supplied by the ophthalmic and
maxillary nerves.

5. Horner syndrome is present due to damage of the postganglionic sympathetic
fibers traveling on the carotid arteries.
7
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Cerebrospinal Fluid

Cerebrospinal fluid (CSF) is a colorless fluid and contains few cells and little protein.
It circulates within the ventricles of the brain and into the subarachnoid space.
Approximately 70% of the CSF volume (average: 125-150ml) is produced by the choroid
plexuses within the lateral, third, and fourth ventricles. From the ventricles CSF passes
into the subarachnoid space where CSF circulates and is returned to the systemic
circulation via the arachnoid granulations located within the superior sagittal sinus.
CSF provides a hydraulic cushioning effect for the CNS, helping to reduce damage by
trauma. It also bathes the CNS providing some nutritional support. CSF is produced and
absorbed continually.

CSF Circulation
CSF circulates through a series of ventricles within the brain and enters the subarachnoid
space via the paired, lateral foramina of Luschka and the single, median foramen of
Magendie (Fg. 3.4). The lateral ventricles are the largest and form horns that extend in all
four lobes of the cerebrum.
The route of circulation of CSF is illustrated in the figure below.
Lateral ventricle:
Body (parietal lobe)

10. Dural venous sinus

Choroid plexus
(CSF secretion in
lateral, third, and
fourth ventricles)

9. Arachnoid granulations
(CSF absorption)
8. Subarachnoid space

1. Lateral ventricle,
anterior horn
(Frontal lobe)

Posterior horn
(Occipital lobe)

2. Interventricular
Foramen (of Monro)

4. Cerebral aqueduct
(Midbrain)

3. Third ventricle
(Diencephalon)

5. Fourth ventricle
(Cerebellum and lower
brainstem)

6. Lateral aperture
(Luschka: paired)

Cerebellum

Choroid plexus
(secretes CSF)

6. Median aperture
(Magendie: single)

7. Central canal

FIGURE 3.7 Circulation of Cerebrospinal Fluid
Sequence of CSF Circulation:
1.

Lateral ventricles

2. Foramen of Monro
3. Third ventricle
4. Cerebral aqueduct
5. Fourth ventricle
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6. Foramina of Luschka & foramen of
Magendie
7. Central canal of spinal cord
8. Subarachnoid space
9. Arachnoid granulation
10. Dural venous sinuses
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Hydrocephalus results from an increased volume and pressure of CSF accumulating
within the ventricles or the subarachnoid space. The increased CSF pressure dilates the
ventricles and often compresses delicate parts of the brain and other neural tissue.
Hydrocephalus usually results from:
1.

Increased CSF production (rare)

2. Decreased CSF absorption
3. Blockage

4. Meningeal infections.
The major types of hydrocephalus are listed below:
1.

Noncommunicating or obstructive: Commonly seen in infants resulting from
obstruction of CSF flow within the ventricles. The obstruction typically occurs at the
more narrow points such as foramen of monro, cerebral aqueduct (most common),
or openings in the fourth ventricle.

2. Communicating or non-obstructive: Commonly occurs in the subarachnoid space.
It is seen in the adult and most commonly results from either impaired absorption of
CSF at the arachnoid granulations (most common) or excess secretion of CSF at the
choroid plexus.
3. Normal Pressure: It is commonly seen in the elderly due to decreased absorption
following damage to the arachnoid villi. It is a subtype of communicating
hydrocephalus. Patients present with dementia (wacky), apraxic gait (wobbly), and
urinary incontinence (wet).
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AUTONOMIC
NERVOUS
SYSTEM
Objectives
Review the functional organization of the autonomic
nervous system, including visceral afferent and
visceral efferent pathways.
Describe the location and distributions of
preganglionic and postganglionic visceral motor
neurons.
Define the different types of motor ganglia and
their role in the autonomic nervous system.
Describe the functional organization and
the distributions of the sympathetic
and parasympathetic divisions of the
autonomic nervous system.
Explain the sympathetic and
parasympathetic pathways to the head.
Describe lesions of the sympathetic
innervation to the head and the
development of Horner’s syndrome.

Autonomic Nervous System
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General Organization of the Nervous System
The nervous system can be organized both anatomically and functionally:
1.

Anatomically, the nervous system is divided into two parts: (1) central nervous system
(CNS) consisting of the brain and spinal cord, and (2) peripheral nervous system (PNS)
consisting of spinal nerves, cranial nerves, and their associated ganglia. Spinal nerves
are discussed in the upper and lower limb and spinal cord chapters. Cranial nerves
are covered in the brainstem chapter.

2. Functionally, the nervous system is divided into somatic and visceral systems. Each
of these two systems contain both efferent (motor) and afferent (sensory) neurons.
a. Somatic pathways provide innervation for voluntary control of skeletal muscles
and conscious perception of sensory functions (touch, two-point discrimination,
vibration, pain, temperature, proprioception) from peripheral receptors, located
mostly in skin, muscles, tendons, and joint capsules. These pathways form the
somatic nervous system.
b. Visceral (autonomic) pathways provide innervation for involuntary contraction
of smooth and cardiac muscle, secretomotor innervation to glands, and sensory
perception from visceral structures. These visceral pathways form the autonomic
nervous system.

Functional Organization of the Autonomic Nervous
System
The autonomic (visceral) nervous system (ANS) functions to control internal visceral
systems, maintaining homeostasis of the internal environment. The ANS consists of
neural circuits that span both the CNS and PNS. Like the somatic nervous system, the ANS
contains afferent and efferent neurons. These neurons operate primarily at involuntary
levels. The ANS pathways regulate cardiovascular, respiratory, digestive, urinary,
reproductive systems and many other autonomic reflex functions.
Note: The activity of the ANS is monitored and controlled by higher brain centers such
as the hypothalamus via descending hypothalamic fiber tracts which synapse on and
activate the preganglionic neurons located in preganglionic nuclei within the gray matter
of the spinal cord or brainstem. These central and peripheral pathways will be described
in this section.

1

4

Neuroanatomy

Visceral Afferent Pathways
Visceral afferent neurons (pseudounipolar neurons) of the ANS have their cell bodies
located within sensory ganglia of either spinal or cranial nerves. Visceral afferents
provide the reflex circuitry from chemoreceptors (carotid bodies) and baroreceptors
(aortic arch) utilized in respiratory control or regulation of blood pressure, respectively.
Axons of visceral afferent nerves (hunger, nausea, pain, and bladder, rectal, and sexual
functions) course in the cardiac, thoracic, abdominal, and pelvic sympathetic nerves.
Visceral pain most often results from pressure and stretch or ischemia. Viscera do not
respond to burning or cutting. These visceral sensory pathways also provide important
autonomic reflex innervations for digestive, urinary, sexual, and reproductive functions.
These reflexes have neural connections with the spinal cord and brainstem.
Visceral afferent pain is an important part of the clinical analysis of a patient. It is more
vague than somatic pain and is often expressed as referred pain corresponding to
sensory dermatomes.

Visceral Efferent Pathways
The visceral efferent outflow of the ANS from the CNS is divided into two distinctively
different pathways and divisions: sympathetic (thoracolumbar) and parasympathetic
(craniosacral) divisions. These two divisions are discussed below and are markedly
different in many ways. Each has its own pharmacological properties, neurotransmitters,
physiological functions, and different neural circuits. However, they do share some
common anatomical distributions.

Clinical Application
An important principle to remember is that these two divisions, collectively, are responsible
for innervating only three target tissues: (1) smooth muscle, (2) cardiac muscle, and (3)
glands. The remainder of this chapter will describe the visceral motor system.

Neurons of the Visceral Motor System
The visceral motor outflow of the ANS from the CNS is organized different than the
somatic motor outflow which consists of only a single neuron from the CNS to the
motor endplate. Visceral efferent outflow is formed by a two-neuron circuit that
courses between the CNS and the targets in the PNS. The first neuron in the circuit is the
preganglionic neuron, and the second neuron is the postganglionic neuron.
1.

Preganglionic neurons: The preganglionic (myelinated) neurons have their cell bodies
located in the CNS within the gray matter of the spinal cord or in motor autonomic
nuclei of the brainstem. Preganglionic axons exit the CNS with spinal or cranial nerves
and synapse on postganglionic neurons in the peripheral nervous system.

2. Postganglionic neurons: The postganglionic neurons (unmyelinated) have their cell
bodies located within motor ganglia in the PNS. The postganglionic axons exit the
motor ganglia and continue their peripheral course to reach the targets (smooth
muscle, cardiac muscle, and glands).
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The basic circuits formed by these two visceral motor neurons are illustrated in
Figure 4.2.
1. Preganglionic
neuron

PNS

2. Postganglionic
neuron

Target organ/tissue

CNS
Preganglionic
cell bodies located
in CNS
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- Smooth muscle
- Cardiac muscle
- Glands
Postganglionic
cell bodies located
in motor ganglion
in PNS. In motor ganglia,
there is a synapse between
the two neurons.

Overview of Ganglia

FIGURE 4.1 Visceral Efferent Neurons

Ganglia are defined as a collection of neuron cell bodies of common function located
in the PNS. Ganglia are divided into two functional types: sensory and motor. Motor and
sensory neurons located in ganglia in the PNS develop from neural crest cells. This same
collection of nerve cell bodies in the CNS are called nuclei.
1.

Sensory ganglia contain cell bodies of pseudounipolar (unipolar) sensory neurons
(somatic afferent and visceral afferent). There is no synapse in a sensory ganglion.
Sensory ganglia are associated with both spinal and cranial nerves.
a. Spinal nerves: Dorsal root ganglia (DRG) are located on the dorsal roots of most of
the 31 spinal nerves.
b. Cranial nerves: Sensory ganglia are located along the course of certain cranial
nerves (V, VII,VIII, IX and X) and are individually named for the associated cranial
nerves (these are identified in the brainstem chapter).

3. Motor autonomic ganglia (Fig. 4.1)contain the cell bodies of postganglionic neurons
(visceral efferent) of the ANS. In contrast to sensory ganglia, motor ganglia will always
have a synapse between the preganglionic and postganglionic neurons within the
ganglia.
There are three types of autonomic motor ganglia in the PNS:
a. Chain (paravertebral): Chain ganglia are segmentally located along the bilateral
sympathetic chain that borders the vertebral column. The chain descends from the
cervical region through the thorax and abdomen and terminates in the pelvic floor.

b. Collateral (prevertebral or preaortic): In the abdomen, collateral sympathetic
ganglia are located at the origins of the major branches of the abdominal aorta. In
the pelvis, collateral sympathetic ganglia are scattered around the pelvic viscera
or on the pelvic floor. Note that all collateral ganglia are located in the abdomen
and pelvis below the diagram.
c. Terminal: Terminal parasympathetic ganglia are located in the wall of or on the
surface of the viscera innervated.
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Sympathetic and Parasympathetic Divisions of the
Autonomic Nervous System

The visceral motor efferent outflow of the ANS is divided into two distinct divisions:
sympathetic and parasympathetic divisions. These two systems differ in organization,
the location of preganglionic and postganglionic nerve cell bodies, neurotransmitters,
and function. Not all, but most, target structures receive dual innervation from the
sympathetic and parasympathetic systems, with each usually providing antagonistic
functions.
When comparing sympathetics vs parasympathetics, these are 3 main things to focus on:
1.

Location of pre- and postganglionic cell bodies.

2. Target structures
3. General effects of sympathetic or parasympathetic activation on these targets.
4. They usually have antagonistic effects.

Sympathetic (Thoracolumbar) Division
The sympathetic nervous system provides innervation to visceral structures located
in the body wall, head, thorax, abdomen, and pelvis. It is important to note that
sympathetic pathways provide most of the innervation to vascular smooth muscle.
The effects of sympathetic motor innervation are often associated with the fight or
flight response. These pathways are most active during stressful or fear-inducing
situations. Acetylcholine (ACh) is the neurotransmitter for the preganglionic neurons, and
norepinephrine for the postganglionic neurons (except for sweat glands(ACh).
Major Sympathetic Functions
•

Pupil dilation

•

Bronchodilation

•

Cardiac acceleration

•

Inhibition of peristalsis

•

Constriction of smooth muscle sphincters of Gi Tract

•

Sweating

•

Piloerection

•

Stimulation of glucose release

•

Systemic vasoconstriction

•

Emission

•

Reduces glandular secretions
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The sympathetic visceral motor neurons are illustrated in Figure 4.2.
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Sympathetic

(thoracolumbar)

Preganglionic cell bodies located in the
intermediolateral cell column (lateral horn)
of spinal cord gray matter (T1 to L2):
• 14 Spinal cord segments

T1
Target

Postganglionic cell
bodies located in
chain or collateral
motor ganglia
(and adrenal gland medulla)

Sympathetic
Preganglionics
T1 to L2
spinal segments

L2
Thoracolumbar

FIGURE 4.2 Sympathetic Nervous System

Overview of the Sympathetic Efferent Outflow
1.

The preganglionic nerve cell bodies of the sympathetic nervous system are located
in the lateral horn (intermediolateral cell column) gray matter of 14 spinal cord
segments (T1–L2).
a. The preganglionic axons exit the spinal cord through the (1) ventral roots of spinal
nerves, (2) spinal nerves, (3) ventral rami, and (4) white rami communicantes to
enter the sympathetic chain of the PNS.
b. These preganglionic neurons will synapse with postganglionics in either the chain
ganglia, collateral ganglia, or the adrenal medulla.

2. The postganglionic sympathetic nerve cell bodies are located in either chain or
collateral motor sympathetic ganglia in the PNS and the adrenal gland (its medulla is
a sympathetic ganglion). The postganglionic axons leave these ganglia and course to
their target tissues.
a. The postganglionic neurons of the chain ganglia will innervate visceral structures in
the body wall, thorax, and head.
b. The preganglionic axons that synapse in collateral ganglia pass through the
sympathetic chain without a synapse and will synapse on postganglionics in
collateral ganglia. These preganglionics are called thoracic or lumbar splanchnic
nerves. The postganglionic neurons from the collateral ganglia innervate visceral
structures in the abdomen, pelvis, and perineum.
5
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Important clinical patterns of sympathetic innervation are shown in the table below:

Table 4.1: Distribution Patterns of Sympathetic Innervation
Circuits Utilizing Chain ganglia

Circuits Utilizing Collateral ganglia

1. Body wall (limbs and trunk)
visceral structures

4. Foregut and midgut viscera
of abdomen

2. Head visceral structures

5. Hindgut, pelvic and perineal viscera

3. Thoracic viscera

Table 4.2: Functional Distribution of Sympathetic Nervous System
Preganglionic Cell Bodies in
spinal cord segments of CNS

Postganglionic Cell Bodies in
ganglia of PNS

Preganglionic

Postganglionic

T1 - L2

Chain ganglia

Vascular and arrector pili
smooth muscle and sweat glands
of the body wall and limbs

T1 - T2

Chain ganglia

Smooth muscle and glands of
head

T1 - T5

Chain ganglia

Smooth and cardiac muscle
and glands of thoracic viscera
(heart, lungs, esophagus)

T5 - T12:

Collateral ganglia
(aorticorenal, celiac,
superior mesenteric)

Smooth muscle and glands of
foregut (FG) and midgut (MG),
kidneys, and gonads

L1 - L2:

Collateral ganglia
(inferior mesenteric
& pelvic ganglia)

Smooth muscle and glands
of pelvic and hindgut viscera and
male genital tract (emission)

Thoracic splanchnic* nerves

Lumbar splanchnic* nerves

* Splanchnic = Visceral
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Distribution of Sympathetic (Fig. 4.3) System (Thoracolumbar)

Cord segmental origin
of preganglionics

• Dilator pupillae muscle

Hypothalamus

4

• Superior tarsal muscle
• Sweat glands

Head
T1

Internal and external carotid arteries
Periarterial sympathetic carotid plexus (Postganglionic)

Brainstem
Superior
cervical ganglion

C1
Descending
hypothalamic tracts
to the preganglionic
sympathetic neurons

Collateral ganglia
(abdomen)

L5
S1

Bladder
Body walls
and limbs
T1 - L2

- Vasoconstriction

Miosis

3.

Anhidrosis

Hindgut,
Pelvis,
Perineum
L1 - L2
Reproductive
organs

Collateral ganglia
(abdomen and pelvis)

S5

2.

Small intestine
and cecum to
splenic flexture

Pancreas

Lumbar
splanchnics
L1 - L2

Postganglionic

Slight ptosis

Foregut,
Midgut
T5 - T12

Thoracic
splanchnics
T5 - T12

L2

1.

Stomach

Liver

Splanchnic nerves
do not synapse in
chain ganglia, but in T12
collateral ganglia
L1

Horner syndrome:
(ipsilateral)

Thorax
T1 - T5

Stellate ganglion

T5

- Sweat glands of trunk
and limbs

Heart

Middle
cervical ganglion

C8
T1

Preganglionic

Lungs and
respiratory tree Esophagus

Splenic flexure,
descending colon, rectum

FIGURE 4.3 Distribution of Sympathetic Pathways
Three-Neuron pathway
to head:
1.

First neuron Hypothalamus

2.

Second neuron - T1
(preganglionics)

3.

Third neuron superior cervical
ganglion			
(postganglionics)

Central Horner:
Lesion of descending
hypothalamic tract.
1.

Brainstem

2.

Spinal cord 		
(C1 - T1 or T2)

Peripheral Horner:
1.

Sympathetic chain
compression

2.

Carotid artery
aneurysm
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Route of Exit of Preganglionic Sympathetic Fiber Outflow from the
Spinal Cord to the Sympathetic Chain
Note the following sequence of preganglionic axon outflow from the lateral horn of the
spinal cord to the sympathetic chain (Fig. 4.4). Note that lesions can occur anywhere
along this pathway.
1.
2.
3.
4.
5.

Lateral horn (intermediolateral column) gray matter (T1-L2)
Spinal nerve ventral roots
Spinal nerve and ventral rami
White rami communicates
Sympathetic chain

The preganglionic outflow from the spinal cord to the sympathetic chain is illustrated
in the figure below:
Sympathetic chain

Preganglionic neuron
in lateral horn
T1 – L2

Spinal nerve

1

3

2

Dorsal and Ventral rami

4

Ventral root
Sympathetic ganglion

5

Splanchnic Nerve:

Thoracic or Lumbar
(Does not synapse in
chain ganglia)

Collateral ganglion

Abdomen,
Pelvis,
Perineum

Postganglionic
neuron to body wall
White ramus
communicantes (14)
Gray ramus
communicantes
Preganglionic

Postganglionic

FIGURE 4.4 Efferent Outflow From Spinal Cord

Route of Preganglionic Fiber Outflow from the Sympathetic Chain
Ganglia To Targets
After entering the sympathetic chain, there are several routes preganglionic fibers can
take in relationship to the sympathetic chain to synapse with postganglionic neurons for
supply to the targets.
1. Distribution to Head, Thorax, and Body Wall, and Limbs:
a. Preganglionic fibers between T1-L2 will synapse with postganglionics in the chain at
their level of entrance.
b. Other preganglionics between T1-T2 will enter the chain and ascend or descend the
chain to synapse with postganglionics in the chain at higher or lower ganglion levels.
c. After synapsing in chain ganglia, these postganglionic fibers leave the chain and
course different routes to provide innervation to the head, thorax, and body wall
and limbs.
8
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2. Distribution to Abdomen, Pelvis, and Perineum
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a. Other preganglionic fibers will pass through the chain ganglia without synapse and
form thoracic (T5-T12) splanchnic nerves or lumbar (L1-L2) splanchnic nerves.
b. These splanchnic preganglionic fibers exit the sympathetic chain to synapse
with postganglionics within collateral ganglia in the abdomen and pelvis. The
postganglionics provide innervation to visceral targets in the abdomen, pelvis, and
perineum.
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Parasympathetic (Craniosacral) Division

The distribution of the parasympathetic nervous system provides autonomic innervation
to the viscera of the head, thorax, abdomen and pelvis with minimal innervation to
vascular smooth muscle. Note there are no parasympathetic innervations to the body
wall and limbs. The functions of the parasympathetic system are generally in opposition
to sympathetic functions. The neurotransmitter for both preganglionic and postganglionic
neurons is ACh.
Major Parasympathetic Functions
•

Pupil constriction

•

Erection

•

Bronchial constriction

•

Decrease heart rate

•

Increases peristalsis of gut tube

•

Empties bladder and rectum

•

Increases glandular secretion

The parasympathetic visceral neurons are shown in Figure 4.5.

Cranial
Preganglionic cell bodies located in CNS:
• Brainstem nuclei of cranial
nerves III, VII, IX, and X and
• Nuclei of gray matter: spinal cord
segments S2, S3, and S4
(pelvic splanchnics)

Brainstem
cranial nerves
III, VII, IX, X

Target

Postganglionic cell bodies in
terminal motor ganglia

Parasympathetic
(craniosacral)

Sacral

Parasympathetic
(craniosacral)

FIGURE 4.5 Parasympathetic Nervous System
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S2, S3, S4
spinal segments
(pelvic splanchnics)

Autonomic Nervous System
General Organization of Parasympathetic Efferent Outflow
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A. The parasympathetic preganglionic neuron cell bodies are found in one of two
places within the central nervous system:
1.

Brainstem: Preganglionic parasympathetic cell bodies are located in
parasympathetic motor nuclei of four cranial nerves located in the brainstem: III,
VII, IX, and X (described in brainstem chapters).

2. Spinal Cord: In the lateral aspect of the gray matter of the sacral spinal cord,
preganglionic parasympathetic cell bodies are found at sacral levels: S2, S3, and S4
(pelvic splanchnics).
B. The parasympathetic postganglionic neuron cell bodies are located in terminal
motor ganglia within the PNS. Except in the head, terminal ganglia are usually located
on the surface of the viscera or embedded in the wall of the target viscera.

Distribution of Parasympathetic Innervation to Regions of Body
Pattern of Parasympathetic Distribution:
1.

Head

2. Thorax and upper abdomen (foregut, midgut)
3. Lower abdomen (hindgut) and pelvis

11
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The distribution of the parasympathetic pathways is outlined below:
Cranial nerves III, VII, and IX:

1.

Ganglia: Cranial nerves III, VII, and IX utilize ciliary, submandibular, pterygopalatine, and
otic motor terminal ganglia in the head, respectively.
Target: Supplies smooth muscle (III) of the orbit and glands (VII, IX) of the head (Except
sweat glands).
2. Cranial nerve X:
Ganglia: CN X utilizes terminal ganglia located within the wall or on the surface of the
target viscera.											
Target: Supplies smooth and cardiac muscles and glands of thoracic, foregut, and
midgut viscera
3. Pelvic splanchnic nerves (S2, S3, and S4):
Ganglia: Utilize terminal ganglia located within the wall or on the surface of the target
viscera or scattered on the pelvic floor
Target: Supplies smooth muscles and glands of the viscera of pelvis, hindgut, and
erectile tissue
The overall distribution of parasympathetic innervations are illustrated in Figure 4.6.
Cranial parasympathetic outflow
via cranial nerves III, VII, and IX to head
Midbrain
III

Pons

VII

Medulla

IX

C1

4 Terminal Parasympathetic Ganglia of Head
Ciliary ganglion

Pterygopalatine ganglion

Head

Submandibular ganglion

Sphincter pupillae and
ciliary muscles (III)

Otic ganglion

Thoracic and abdominal
(foregut and midgut) viscera
T1

Lacrimal, nasal, and oral
mucosal glands (VII)
Parotid gland (IX)

Sacral parasympathetic outflow
via pelvic splanchnic nerves

L1

Submandibular and
sublingual glands (VII)

Visera of the Hindgut,
pelvis, and perineum
Rectum
Bladder
Erectile tissue

S2
S3
S4

Preganglionic
Postganglionic

All glands of the head are
innervated by parasympathetics
of CN VII and IX, except for sweat
glands (sympathetic).

FIGURE 4.6 Parasympathetic Nervous System
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VERTEBRAL COLUMN,
PERIPHERAL
NERVOUS SYSTEM,
AND SPINAL CORD
Objectives
Review the general features of the vertebral column (intervertebral
discs, intervertebral foramina and interlaminar spaces) and how
they relate to clinical problems of the spinal cord and spinal nerves.
Understand the mechanism of herniated discs, and how they
damage the spinal nerve system.
Explain the arrangement and function of the spinal
meninges and spaces and how they are used in
lumbar puncture.
Describe the formation and distribution of a typical
spinal nerve. Define gray matter and white matter
of the spinal cord and understand their roles in
cord lesions.
Describe and differentiate between upper and
lower motor neurons and the characteristics
of spastic and flaccid muscles.
Define the functions, pathways, and lesions
the three major long tracts of the spinal
cord. Understand the role of deep tendon
reflexes in the skeletal muscular system.
Describe the major types of cord lesions and
their clinical presentations.
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Vertebral Column

The vertebral column is a part of the axial skeleton that develops segmentally from the
mesoderm portion (sclerotome) of the somites. The vertebral column consists of
7 cervical, 12 thoracic, 5 lumbar, 5 sacral (fused into a single bone), and 3-4 coccygeal
(single or fused) vertebrae. The vertebral column and its associated ligaments and
intervertebral discs provide flexible movements of the trunk, support for the head and
trunk, and housing and protection of the spinal cord.
Vertebrae:
7 Cervical

Anterior view
Atlas C1

Right lateral view
Dorsal

Posterior view
C1

Ventral

Axis C2
C7
T1

C7
T1

12 Thoracic

Transverse
foramina

Kyphosis
(Humpback)

Intervertebral
disk

T8

Has ribs
attached

Intervertebral
foramen

T12

T12
5 Lumbar

L1

L1
lordosis
(Swayback)

L5

L5

S1

Sacrum
(5 segments)

S5

Coccyx
(3-4 segments)

Vertebrae

Large
bodies
Interlaminar
space
Fused
bodies
Sacral
hiatus

Figure 5.1 Vertebral Column

The general structure of a typical vertebra as shown below is formed by the vertebral
bodies, and the posterior projection of the vertebral arch (lamina, pedicles and spines).
The vertebral canal is formed between the vertebral arch and body and contains the
spinal cord, meninges, and the roots of the spinal nerves.
Superior articular
facet

Vertebral body

Superior vertebral
notch

Vertebral canal
Pedicle

Inferior vertebral
notch

Transverse process
Spinal nerve
Lamina
Spinous process

Vertebral arch

Inferior articular
facet

Figure 5.2 Structure of a Typical Vertebra
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Intervertebral Foramina

Intervertebral foramina are openings on the lateral aspects of the vertebral column
between adjacent parts of the vertebrae. The intervertebral foramina provide the exit
route of the spinal nerves from the vertebral column.
The intervertebral foramina are shown below and are bordered by the following major
landmarks:
1.

Superiorly and inferiorly by the pedicles of the adjacent vertebrae.

2. Anteriorly by the bodies of the vertebrae and intervertebral discs.

3. Posteriorly by the articular processes and the synovial joints between adjacent
vertebrae (zygapophyseal joint).

Clinical Application

Clinically, any anterior or posterior pathology that reduces the size of the intervertebral
foramina (herniated discs, trauma, or degenerative and arthritic changes at the
zygapophyseal joints) can significantly compress and affect functions of the spinal nerves.

Anterior
longitudinal
ligament
Intervertebral
disc
Vertebral
body

Spinal nerve
Zygapophyseal
joint

Intervertebral
foramen

Posterior
longitudinal
ligament

Figure 5.3 Intervertebral Foramen

Longitudinal Ligaments of the Vertebral Column

Two major ligaments course longitudinally on the anterior and posterior surfaces of the
vertebral bodies, the anterior and posterior longitudinal ligaments, respectively. These
ligaments provide critical support for the vertebrae.
1.

The anterior longitudinal ligament is the largest and strongest of the two and
descends on the anterior surface of the vertebral column between the skull and
the sacrum. It is firmly attached to the vertebral bodies and intervertebral discs and
limits extension of the vertebral column (basis of whiplash injuries).

2. The posterior longitudinal ligament descends on the posterior surface of the
vertebral column and is located within the vertebral canal. It is firmly attached to
the posterior surfaces of the vertebral bodies and intervertebral discs and limits
flexion of the vertebral column. Being within the vertebral canal, the posterior
ligament is clinically important because it is immediately adjacent to the spinal
cord and meninges and provides an important, dorsal midline support for the
nucleus pulposus and the intervertebral disc.
2
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The intervertebral discs (Fig. 5.4) are cartilaginous plates wedged between adjacent
vertebrae that contribute to about 25% of the length of the vertebral column. Superiorly,
the first disc is located between C2 and C3 vertebrae, and, inferiorly, the last disc is
located between L5 vertebra and the sacrum. The discs provide a limited amount of
movement and protection for the vertebral column.
The intervertebral discs are composed of two components:
1.

The annulus fibrosus forms the outer periphery of the disc and is composed of
multiple, concentric rings of fibrocartilage. The annulus is firmly attached to the bodies
of the adjacent vertebrae providing strength and stability for the vertebral column.

2. The nucleus pulposus forms the inner core of the disc and is composed of a gelatinous
material that can expand and contract to absorb excessive external forces placed
on the vertebral column. The nucleus pulposus is protective and serves as a shock
absorber. The nucleus pulposus is the adult remnant of the embryonic notochord.
The structure and important relationship of the intervertebral disc are shown in
Figure 5.4. Nucleus
pulposus

7
Posterior
longitudinal
ligament
Posteriolateral
herniation

Annulus
fibrosus

12
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Anterior
longitudinal
ligament

Layer of hyaline
cartilage

FIGURE 5.4 Intervertebral Disc

Herniation of Intervertebral Discs
Trauma, degenerative damage, and weakness of the annulus fibrosus can allow the
softer, inner nucleus pulposus to bulge or herniate externally through the annulus fibrosus.
Note in the figure above that herniation is most commonly in a posteriolateral direction.
Disc herniation results in compression of the spinal nerve roots within the dural sac,
producing variable motor and or sensory symptoms depending on the level of injury and
is a very common cause of chronic pain (sciatica) in the lumbosacral region.

Clinical Application :

Herniated discs:
1.

Naming of the discs is important when examing a patient with a herniated disc
associated with neurological deficits. Discs are numbered by the number of the
vertebral body superior to the disc. For example, the disc between C5 and C6 vertebrae
would be the C5 disc and the disc between L3 and L4 vertebrae would be the L3 disc.
3
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2. Herniated discs occur more frequently in areas of increased mobility within the
vertebral column: mainly the cervical and lumbosacral regions. Cervical herniations
occur most commonly at the C6 or C7 disc. Lumbosacral herniations are more
frequent (80-85%) and more commonly involve the L4 and L5 discs.
3. Because of the dorsal, midline support provided by the position of the posterior
longitudinal ligament, most herniations of the nucleus pulposus occur
posterolaterally to the posterior ligament where there is no reinforcement.
4. Clinically, it is important to identify which spinal nerve roots are most likely damaged
by the herniation. In the cervical and lumber regions, the spinal nerve roots
compressed will be the nerve roots one number below (Plus one rule)
the number of the disc. For example, a C6 disc herniation produces compression of C7
nerve roots and a L4 disc herniation would compress the L5 nerve roots (Fig. 5.5).
5. Note that this rule applies to both cervical and lumbar herniations as illustrated below.

6. Disorders affecting sensory and motor functions of nerve roots are called radicuopathy.
The more common nerve root compressions occur at the C6, C7, L5, and S1 nerves. The
most common cause of nerve root compression is herniation of the disc.
Clinical examples of disc herniation are shown below in both lumbar and cervical
regions.
L4 spinal nerve

Nucleus pulposus

L4

Compression of L5
spinal nerve
L5

L5 spinal nerve

Herniation of
L4 nucleus pulposus
into vertebral canal
L4
Herniation
site
L5

S1

L4 Vertebra
Lumbar disc
L5 Vertebra

S1

A. Lumber Herniation: Lateral View

Anterior arch
of atlas (C1)

C1

Intervertevral
disc (C3)
Herniated C4 disc
compressing C5 nerve
Subarachnoid
space

Skull
Dura mater

CI

Posterior arch
of atlas

CII

C2
C3

S3
S5
Coccygeal
nerve

B. Lumber Herniation: Dorsal view

CI I

Ligamentum
flavum

C IV

C4

CV

C5

Spinal cord

CVI

C6

C

C7
C8

Arachnoid
VII
TI

T1

C. Lumber Herniation: Lateral view
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FIGURE 5.5 Herniation of Intervertebral Disc
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General Features of the Spinal Cord

The spinal cord (Fig. 5.6) occupies the superior two-thirds of the vertebral canal in the
adult. The spinal cord develops segmentally from the neural tube and consists of 8
cervical , 12 thoracic, 5 lumbar, 5 sacral, and 1 coccygeal spinal cord segments. Each
segment of the spinal cord is connected to the PNS via paired spinal nerves.
The cylindrical spinal cord
begins superiorly at the
foramen magnum where it is
continuous with the brainstem.
The cord descends within the
vertebral canal and terminates
inferiorly where it tapers to form
a cone-shaped area called the
conus medullaris. Note the five
sacral cord segments comprise
the conus medullaris. The distal
tip of the conus terminates at
the level of the L1-L2 vertebra in
the adult (L3-L4 vertebrae in the
newborn).
Because of differential growth
with aging, the vertebral column
extends further inferiorly than
the spinal cord. Inferiorly, the
corresponding cord segments
become further separated from
the corresponding numbered
vertebral exit levels.
Below the conus medullaris at
L2, the ventral and dorsal roots
of the lumbar and sacral spinal
nerve roots course obliquely
downward, cluster together,
and descend in the dural sac to
reach their points of exit from
the vertebral column forming
the cauda equina (horse’s tail).

Clinical Application:
1. Cauda equina syndrome

Foramen magnum
C1 s.n.
Cervical plexus

C7 s.n.

C8 s.n.
T1 s.n.

T6 s.n.

Cervical enlargement
of spinal cord
T1 vertebra

Brachial
plexus

T6 vertebra

Pedicles
T10 vertebra
L1 vertebra
T12 s.n.
L1 s.n.
Conus medullaris
(L1-L2 vertebrae)

L5 s.n.

Lumbosacral
enlargement
of spinal cord

Lumbosacral
plexus

Cauda equina
(in dural sac)
L1-S2 nerve roots
L5 Vertebrae

S1 s.n.

S5 s.n.

FIGURE 5.6 Spinal Cord

Peripheral nerve plexuses:
1. Cervical

C1-C4

2. Brachial
• Upper limb

C5-T1

3. Lumbar-Sacral
• Lower limb

L1-S4

results from pathology (disc herniation, tumors) affecting the nerve roots within the
cauda equina in the dural sac. Sensory loss (saddle anesthesia) and motor weakness
(lower motor neuron signs) can be observed in the territories of the nerve roots involved.
Loss of control of bladder and rectal functions are common.

2. Meningiomas, abscesses and tumors of the vertebral column can compress the spinal
cord and result in motor and sensory deficits.
5
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Meninges of the Spinal Cord

The spinal cord is surrounded and protected by three meningeal layers of connective
tissue (Fig. 5.7). Meningeal or bone tumors can displace the meninges and compress the
spinal cord.
1.

The pia mater is a delicate, vascular layer that forms the internal layer of meninges
that firmly adheres to the surface of the cord. It forms a thin covering for the roots of
the spinal nerves. It encloses the small blood vessels on the surface of the cord. The
pia mater covers the spinal cord distally to the tip of the conus medullaris located at
the L1–L2 vertebral level in the adult. The pia mater develops from neural crest cells.

There are two specializations of the pia mater that provide protection and stability to
the cord:

a. On each side of the cord, the denticulate ligament forms a longitudinally thin
sheet of pia that runs the length of the cord in the plane between where the dorsal
and ventral roots of the spinal nerves attach to the spinal cord. At each of the
spinal cord segments, wing-like triangular extensions of the denticulate ligament
(dentate processes) extend laterally through the arachnoid and anchor into the
dura mater. These processes serve to provide lateral stabilization of the position of
the cord in the dural sac.
b. The filum terminale is a single strand of pia mater that continues from the tip of
the conus medullaris and descends within the cauda equina and dural sac. The
filum terminale passes through sacral hiatus and attaches to the coccyx (via the
coccygeal lig`ament). It serves to anchor the cord distally and provide stability to
the position of the spinal cord.
These meningeal relationships are illustrated in the figure below.

Internal vertebral
venous plexus

Epidural space (fat and veins)

Arachnoid
Subarachnoid
space containing
CSF

Pia mater
Spinal cord

Dura mater

Subarachnoid space
Epidural space
Dura mater

Pia mater

Arachnoid
Intervertebral
foramen

Dorsal root of
spinal nerve

Dorsal root
ganglion

Dorsal ramus
Spinal nerve

Denticulate
ligament

Ventral ramus
Ventral root of
spinal nerve
Vertebral body

Internal vertebral
venous plexus (site
of metastasis)

FIGURE 5.7 Spinal Cord Meninges
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2. The arachnoid forms the thin, translucent, middle spider-web like layer. The
subarachnoid space lies between the arachnoid and pia. The pressure of the
cerebrospinal fluid (CSF) within the subarachnoid space opposes the arachnoid
layer against the inner surface of the dura. The arachnoid follows the dura mater and
continues distally to S2 vertebral level. It also develops from neural crest cells.

3. The dura mater forms the stronger, external fibrous meningeal layer. The dura mater is
continuous with the meningeal layer of cranial dura mater at the foramen magnum. The
dura forms a dense, dural sac around the cord and cauda equina that extends distally
to the S2 vertebral level. Extensions of dura mater form coverings around the exit of the
spinal nerves. The dura mater derives from mesoderm.

7
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Meningeal Spaces (Figure 5.8)
1.

The subarachnoid space is located between the pia mater and arachnoid layers and
is a pressurized space for the circulation of CSF. The subarachnoid space is within the
dural sac and terminates distally at the S2 vertebral level. The small arteries and veins
course in the subarachnoid space.

2. The epidural space is located between the outer surface of the dura mater and the
bones of the vertebral column. The epidural space contains fat and the internal
vertebral venous plexus (Batson’s plexus). This venous plexus forms a continuous
longitudinal network of veins (no valves) within the epidural fat that connects with
veins of the body cavities and superiorly through the foramen magnum with veins
of the cranium. This venous plexus forms a classic route of metastasis of cancer and
spread of infection.

Spinal cord
(ends at L2)
Pia mater
Conus
medullaris

Lamina

L1

Ligamentum flavum
L1

L2

L2

Dua mater
Arachnoid
Subarachnoid space
containing CSF

L3

Epidural space
(Fat and venous plexus)

L3

Epidural anesthesia

L4

L4

Lumbar puncture

L5

L5

S1

S2
S2

S1

Filum terminale
(Pia mater)

Denticulate process
(Pia mater)

End of dural sac (S2)

S3

S3
S4

Coccygeal ligament
(all 3 meninges)

S4
Sacral hiatus
S5

Coccyx

FIGURE 5.8 Structures of Distal Spinal Cord and Vertebral Column
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Lumbar puncture allows direct access to the epidural and subarachnoid spaces. It
has many clinical purposes: collect samples of CSF, pressure measurements, inject
medications and anesthesia.
Some of the important principles for performing lumbar puncture are described:
1.

It is important to perform a lumbar puncture at a level that will avoid damaging the
spinal cord. In the adult, the procedure is typically performed at the L4-L5 vertebral
levels, remembering that the inferior termination of the conus medullaris of the
spinal cord is at the L2 vertebral level. The horizontal line at the level of the iliac crest
is an important landmark to identify the L4 level. The subarachnoid space containing
the cauda equina terminates distally at the S2 vertebra. Thus, a safe zone is found
between the L2 and S2 vertebrae.

2. The needle is inserted just to either side of the spinous processes at L4 vertebra.

3. Interlaminar spaces (Fig. 5.9) are intervals between the adjacent lamina of the
lumbar vertebrae that provide a natural access point to reach the epidural or
subarachnoid spaces with the needle. Ligamenta flava are strong, elastic ligaments
extending between adjacent lamina of adjacent vertebrae filling in the interlaminar
spaces. They form a dorsal closure for the vertebral canal.
4. From superficial to deep, the needle will pass through:
•

Skin

•

Ligaments (supraspinous and interspinous) and muscle

•
•
•
•

Superficial and deep fascia

Ligamentum flavum at the interlaminar space
Epidural space (for anesthesia)
Dura mater and arachnoid

• Subarachnoid space (CSF collection and anesthesia)
5. The distal sacral hiatus is an additional distal site for caudal (epidural) anesthesia.
In Figure 5.9, note the significance of the arrangement of the lower lumbar vertebrae to
lumbar puncture.
Transverse
process
Ligamentum
flavum
Interlaminar
space

L3
L4
L5

Spinous
process
Lamina
Site of
lumbar
puncture

Sacrum

FIGURE 5.9 Interlaminar Spaces
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Peripheral nervous system

General Organization of the Nervous System
The nervous system can be organized both anatomically and functionally:
Anatomically, the nervous system is divided into two parts: (1) central nervous system
(CNS) consisting of the brain and spinal cord, and (2) peripheral nervous system
(PNS) consisting of spinal nerves, cranial nerves, and their associated ganglia. Spinal
nerves are discussed in this chapter and in the upper and lower limb chapters. Cranial
nerves are covered in the brainstem chapter.

1.

2. Functionally, the nervous system is divided into somatic and visceral systems. Each
of these two systems contain both efferent (motor) and afferent (sensory) neurons.
a. Somatic pathways provide innervation for voluntary control of skeletal muscles
and conscious perception of sensory functions (touch, two-point discrimination,
vibration, pain, temperature, proprioception) from peripheral receptors, located
mostly in skin, muscles, tendons, and joint capsules. These pathways form the
somatic nervous system.
b. Visceral (autonomic) pathways provide innervation for involuntary contraction
of smooth and cardiac muscle, secretomotor innervation to glands, and sensory
perception from visceral structures. These visceral pathways form the autonomic
nervous system.

Spinal Nerves
Each of the 31 segments of the spinal cord gives rise to a pair of spinal nerves (Fig. 5.10)

that comprise part of the peripheral nervous system (PNS). The PNS begins with the
attachments of the dorsal and ventral spinal nerve roots to the dorsal and ventral
surfaces of the spinal cord, respectively. The roots course within the dural sac and fuse at
the intervertebral foramina to form the spinal nerve. The 31 pairs of spinal nerves exit the
intervertebral foramina and after a short distance quickly divide into dorsal and ventral
rami to complete the peripheral distribution of the spinal nerve system.
The names and numbers of the spinal nerves correspond to the same name and
number of the cord segments:
1.

C1-C8 cervical spinal nerves: Ventral rami contribute to cervical and brachial
plexuses supplying the neck and upper limb.

2. T1-T12 thoracic spinal nerves: Ventral rami form the intercostal nerves supplying the
body wall of anterior and lateral trunk.
3. L1-L5 lumbar spinal nerves: Ventral rami contribute to lumbar plexus supplying the
lower trunk and part of lower limb.
4. S1-S5 sacral spinal nerves: Ventral rami contribute to sacral plexus supplying the
lower limb.
5. One coccygeal nerve (Co1).
10
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The structure and distribution of a typical spinal nerve is illustrated and described
below:
Afferent
Efferent

To skin and deep muscles
of back and dorsal neck

Dura mater
Pia mater
Arachnoid
Dorsal root
(sensory input)
Dorsal root
Dorsal cord
ganglion
(Alar plate)
(unipolar neuron)
Dorsal ramus
(mixed)

Ventral cord
(Basal plate)

Ventral ramus
(mixed)
Spinal nerve
(mixed)
Ventral root
(motor outflow)

Somatic motor: Two lower motor neurons to:
Skeletal muscle
1. Alpha—to extrafusal skeletal
muscle at motor endplate
2. Gamma—to intrafusal skeletal
muscle in muscle spindle

Sympathetic
ganglion

Afferent from
peripheral receptors
in skin and muscles
Efferent to motor
end plate: Alpha
To skin and
muscles of
anterolateral
trunk and limbs

Visceral motor neurons:

1. Preganglionic sympathetics—T1–L2
2. Preganglionic parasympathetics—S2–S4

FIGURE 5.10 Distribution of Spinal Nerves
1.

The dorsal (posterior) roots of the spinal nerves attach to the dorsal aspect of the
spinal cord and contain sensory (afferent) fibers from peripheral sensory receptors
located mostly in skin and muscles. Each dorsal root has an enlargement (dorsal
root ganglion) containing the cell bodies of the sensory neurons (pseudounipolar/
unipolar neurons) whose fibers course in the dorsal roots. These sensory neurons
and ganglia develop from neural crest cells.

The unipolar neurons of the dorsal roots divide into central and peripheral processes
within the dorsal root ganglion.
a. The peripheral processes of the unipolar neurons extend distally through the
spinal nerve system (PNS), receiving information from sensory receptors in skin
and muscle.

b. The central processes of the unipolar neurons pass through the dorsal root of the
spinal nerve and enter the spinal cord to connect with circuits in the CNS.
2. The ventral (anterior) roots of the spinal nerves attach to the ventral aspect of
the spinal cord and transmit the outflow of somatic and visceral motor (efferent)
innervation coursing from the CNS to the periphery. The motor axons in the ventral
roots have their cell bodies located in gray matter of the spinal cord. These motor
neurons develop from the neuroectoderm of the neural tube. Contained in the
ventral roots are different types of motor neuron fibers :
11
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a. Alpha and gamma lower motor neurons (LMN) are found in all of the ventral roots
(except coccygeal nerves)
b. Axons of preganglionic sympathetic or parasympathetic neurons are found in
specific ventral roots.

Note that the dorsal and ventral roots course within the dural sac of the spinal cord and
are enclosed by extensions of the dural and arachnoid membranes.
3. Spinal nerves are formed by the fusion of the dorsal and ventral roots at the
intervertebral foramina. After traveling a short distance, the spinal nerves divide into
the dorsal and ventral rami.
Note that the roots of the spinal nerves are either sensory (dorsal roots) or motor (ventral
roots) in function. The spinal nerves and rami are classified as mixed nerves containing
both sensory and motor fibers
4. The division of the spinal nerve into dorsal and ventral rami completes the peripheral
distribution of the spinal nerve system.
a. The dorsal rami distribute segmental motor, sensory, and autonomic innervations
to structures (skin, intrinsic deep muscles) of the posterior trunk (back), posterior
neck, and the joints of the vertebral column.
b. The ventral rami distribute motor, sensory, and autonomic innervation to the
skin and muscles of the anterior and lateral trunk and limbs. Some ventral rami
participate in the formation of nerve plexuses of the PNS (brachial, cervical, and
lumbosacral). Other ventral rami (T1–T12) remain single and form intercostal and
subcostal nerves rather than forming nerve plexuses.

c. Ventral rami are larger and have a greater distribution than dorsal rami. The
ventral rami form the major peripheral nerve plexus innervation of the limbs in the
PNS and are connected to the sympathetic nervous system.
5. The white and gray rami communicantes of the autonomic nervous system connect
to the proximal part of the ventral rami of the spinal nerves.

Dermatomes and Myotomes
A dermatome describes a strip of skin that receives somatic sensory innervation from
a single spinal nerve and spinal cord segment. There is some overlap in dermatome
distribution but being familiar with the general arrangement of a dermatome map is
fundamental during a neurological exam.
Identifying the loss of sensory function from a specific dermatome in a patient can be
critical in localizing damage to a specific spinal nerve level or to a specific spinal cord
segment.
Some of the major dermatome landmarks include:
• Neck 			

C3 dermatome

• Thumb 			

C6 dermatome

• Top of shoulder

• Small finger 		
• Nipple 			
12
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C8 dermatome
T4 dermatome
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• Umbilicus 		

T10 dermatome

• Knee 			

L4 dermatome

5

• Inguinal			L1 dermatome
• Big toe 			

• Small toe 		

L4 dermatome
S1 dermatome

Myotomes include all of the muscles innervated by a single spinal ventral nerve root.
The segmental innervation of muscles becomes clinically important in the limbs when
evaluating muscle weakness and reflexes of individual muscles.
Knowledge of the segmental sensory and motor innervations of the trunk and limbs is
very useful in the neurological exam when localizing spinal cord levels of damage.

Exit of Spinal Nerves from the Vertebral Column
Understanding how spinal nerves exit the vertebral column (Fig. 5.11) is important when
localizing a level of lesion following a disc herniation or other events.
Note the pattern of spinal nerve exit that is described and shown below.
1.

Cervical nerves exit superior to the pedicles of the corresponding numbered
vertebrae.

2. Because there are eight cervical cord segments but only seven cervical vertebrae,
the C8 nerve exits below the pedicle of the C7 vertebra. This is the transition point.
3. Beginning with T1 spinal nerve, all the lower spinal nerves exit below the pedicles of
the corresponding vertebrae.

C1 Nerve– emerges between
skull and C1 vertebra

C1
1

C1 vertebra

C2
C3

Nerves C2 – C7 emerge
superior to pedicles

C4
C5

Pedicle

C6
C7

Nerves C8 – inferior to pedicle
of C7 vertebra (transition level)

C8

Nerves T 1 – co emerge
inferior to pedicle of vertebrae

T2

7

C7 vertebra

T1

FIGURE 5.11 Relationship of Exit of Spinal Nerve To Vertebral Column
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Internal Structure of the Spinal Cord

The study of the internal structure of the spinal cord is the beginning point for clinical
understanding of the CNS. The spinal cord connects the trunk and limbs with higher
brain centers and functions in processing sensory, motor, reflex, and autonomic signals
between the trunk and limbs and higher brain centers.
The spinal cord has a repetitive and uniform segmentation with a relatively simple
organizational pattern (Figs. 5.12 and 5.13). The segments of the cord are divided into two
layers: the white matter and the gray matter.

Gray matter

devided into:

Dorsal

White matter

devided into:

Posterior funiculus

Posterior (dorsal)
horn: sensory
Intermediate (Lateral)
horn (T1-L2): preganglionlic
sympathetic and Clarke’s
nucleus

Lateral funiculus

Anterior (ventral)
horn: Alpha and gamma
lower motor neurons

Anterior funiculus
Central canal

• Nuclei, dendrites, many
glial cells

Lesions of gray matter
result in ipsilateral
motor/sensory deficits
at the level of the lesion

Ventral

• Myelinated long tracts
• Few glial cells

Lesions of long tracts
result in motor/sensory
deficits at and below the
lesion, contralateral or
ipsilateral

FIGURE 5.12 Organization of Spinal Cord

FIGURE 5.13 Stained Section of Spinal Cord
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The white matter forms the external layer surrounding the periphery of the cord. The
white matter is organized into three regions called funiculi: posterior (dorsal), lateral,
and anterior (ventral) funiculi. Each of these funiculi contain bundles of myelinated
nerve fibers organized into multiple, vertical ascending and descending long tracts. Few
glial cells (oligodendrocytes) are found in the white matter.
a. The ascending long tracts conduct and process sensory information from the
trunk and limbs to higher brain centers.

b. The descending long tracts conduct and provide motor and reflex innervations
of skeletal muscles of the trunk and limbs.

Gray Matter

The gray matter comprises the internal part of the cord. The gray mater forms a central
H- or butterfly- shaped area containing collections of neuron cell bodies organized into
Rexed laminar of nuclei. There are many glial cells. The gray matter is divided into three
regions called dorsal, ventral, and lateral horns that contain layers of Rexed nuclei
(Fig. 5.14A) made up of nerve cell bodies. The size and shape of the horn of the gray
matter changes at different levels of the spinal cord.
1.

The dorsal horn contains six nuclei (Rexed layers I–VI) that are sensory in function. The
central processes of the unipolar neuron fibers entering the CNS via the dorsal root
are divided into lateral and medial divisions within the dorsal roots (Fig. 5.14B).
a. The lateral division fibers of the dorsal root enter and synapse on the outer lamina
of nuclei of the dorsal horn (substantia gelatinosa). These lateral division fibers are
the smallest fibers and with the slowest conduction. They primarily process pain
and temperature.
b. The medial division fibers of the dorsal root enter the cord but bypass the dorsal
horn to form ascending long tracts in the dorsal white mater. These medial
fibers provide general sensory (except pain and temperature) and conscious
proprioception functions. Some fibers pass deeply into the ventral horn and are
involved in reflex circuits. These are the largest fibers with the fastest conduction.

2. The ventral horn contains nuclei (Rexed layers VIII and IX) containing the cell bodies of
alpha and gamma lower motor neurons (LMN) that supply extrafusal and intrafusal
types of skeletal muscle fibers, respectively. The alpha and gamma LMN outflow
provides control of volitional and reflex movements of skeletal muscles of the trunk
and limbs.
a. LMNs innervating extensor muscles are located ventrally in the ventral horn, and
the LMNs to the flexor muscles are found dorsally in the ventral horn (Fig. 5.14C).
b. LMNs innervating distal muscles of the limbs are located laterally in the ventral
horn, and the LMNs that innervate proximal muscles of the limbs are located
medially in the ventral horn.

3. The lateral or intermediate horn of gray matter contains cell bodies of preganglionic
sympathetic neurons. In addition, the lateral horn contains the Clarke’s nucleus
involved in the cerebellar circuits for unconscious proprioception from the lower limb.
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Details of gray matter organization are illustrated in the following figures.

l
ll
Dorsal horn
Rexed laminae l -Vl

lll
lV

1 - Lissauer's tract
11 - substantia
gelatinosa

V

Lateral horn
Rexed laminae Vll
Ventral horn
Rexed laminae Vlll - lX

Vl
Vll
Vlll

lX

FIGURE 5.14A Rexed laminae of gray matter

Sensory
1. Medial division
General sensory except
pain and temperature
• Type 1a, 1b - proprioception
(from muscle spindle and golgi
tendon, respectively)
• ll, Alpha - beta — touch, etc.
2. Lateral division
Pain/temperature
• Type C: warm, chronic pain
• lll, lV, Alpha-delta: cold, sharp
pain

Motor

Lower motor neuron
• Alpha (to skeletal muscles)
• Gamma (to muscle spindle)

For reflex

FIGURE 5.14B Topographic organization of fiber types entering or leaving the
spinal cord
Dorsal
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Flexors

Lower motor neuron
• Alpha (to skeletal muscles)
• Gamma (to muscle spindle)
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Dorsal

Flexors

Distal
Axial

Lateral

Medial

Extensors

Ventral

FIGURE 5.14C Organization of lower motor neurons in the ventral horn

Introduction to Long Tracts of Spinal Cord
There are multiple ascending and descending long tracts found in specific locations
within the dorsal, lateral, and ventral funiculi of the white matter. The pathways and the
functions of the three most important long tracts will be described.
1.

Descending long tracts are motor in function and provide motor pathways for
voluntary and reflex innervations of skeletal muscles of the trunk and limbs.

2. Ascending long tracts are sensory in function and carry sensory input from the
peripheral receptors in skin and muscle of the trunk and limbs to the higher brain
centers.
3. Many of the long tracts course the entire vertical axis of the CNS between the distal
spinal cord and the cerebral cortex and other higher brain centers

Three main long tracts
The following are the three most clinically relevant long track systems that are essential
in localizing a lesion:
1.

Corticospinal Tract: A descending motor tract that provides volitional innervation
to the skeletal muscles of limbs.

2. Dorsal Column: An ascending sensory tract that carries general sensory function
(except pain and temperature) and conscious proprioception from the trunk and
limbs to the sensory cortex.
3. Spinothalamic Tract: An ascending sensory tract that carries pain and
temperature functions from the trunk and limbs to the sensory cortex.
For a thorough understanding of a long tract system, knowledge of several principles
and ability to formulate and answer strategy questions about a long tract are required:
1.

How many neurons are in the long tract pathway? Note there are three neurons in
ascending pathways and two neurons in descending pathways.

2. What is the general pathway the tract follows? Where are the cell bodies located?
17
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3. Where does the pathway decussate (cross) to opposite side of the nervous
system? This is clinically important in determining whether the lesion affects
ipsilateral or contralateral lesions.

Descending Motor Pathways
Descending motor systems influence the activity of the alpha and gamma lower motor
neurons and are involved in two mechanisms of skeletal muscle contraction: voluntary
or involuntary (reflex). Some of these descending systems originate in the cortex and
some originate in the brainstem. These descending pathways are composed of two
neurons: upper and lower motor neurons.

Upper Motor Neurons (UMN)
The cell bodies of UMN are found in two locations in the CNS: (1) cerebral cortex and (2)
brainstem.
1.

In the cortex, UMN cell bodies are primarily located in the primary motor cortex
region of the precentral gyrus of the frontal lobe (Broadman area 4).

2. In the brainstem, UMN cell bodies are mainly found in the red nucleus, pontine and
medullary reticular formation, and the vestibular nuclei.
3. The entire course of the UMN is within the CNS, and it is the UMN axons that
decussate.
4. The axons of the UMN synapse (using glutamate) with the LMN cell bodies in the
spinal cord ventral horn or with LMN motor nuclei in the brainstem.
5. UMN are also influenced by the cerebellum and basal ganglia.
6. Lesions are described later.

Lower Motor Neurons (LMN)
The cell bodies of LMN (final common pathway) are also found in two places in the CNS:
a. Ventral horn of spinal cord

b. LMN nuclei of cranial nerves in the brainstem.
1.

There are two types of LMN: alpha and gamma.

2. The axons of these LMN exit the CNS via spinal nerves or cranial nerves and
innervate extrafusal (alpha) or intrafusal (gamma) skeletal muscles, respectively.
3. LMN are also influenced by reflex circuits.
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A typical pattern of a descending motor pathway is shown in Figure 5.15.
Right

5

Left

UMN
(upper motor neuron)

• Cerebral motor cortex
• Brainstem UMN motor nuclei

Decussation

CNS

LMN
(lower motor neuron)
PNS
(peripheral nervous system)

• Brainstem LMN motor nuclei
• Spinal cord ventral horn

Skeletal
muscle

FIGURE 5.15 Pattern of Discending Motor Pathway
Listed below are some of the major descending motor long tracts in the spinal cord. The
corticospinal tract is the one that will be detailed here. It is the clinically, significant one
because this pathway is the only descending motor system specifically dedicated to
controlling voluntary, highly skilled movements of the distal limb muscles.
1.

Corticospinal tract

2. Rubospinal tract
3. Lateral and medial vestibulospinal tracts
4. Lateral (medullary) and medial (pontine) reticulospinal tracts
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Corticospinal Tract (CST)

The corticospinal tract (Fig. 5.16 and 5.17) is the one descending motor system described
because of its clinical importance in providing volitional, skillful, and exquisite
movements of the distal limb muscles. A few other descending motor systems will be
briefly mentioned later in the notes.
The circuits for the corticospinal tract are illustrated below.
RIGHT

LEFT

Precentral gyrus (UMN)
(primary & premotor cortex)
(Areas 4,6)
Frontal lobe
Brodmann 4,6

Posterior limb
of internal capsule

Corticospinal
tract
Upper
motor
neuron

Brainstem

Decussation
(90%)

Caudal medulla

Corticospinal tract
(lateral funiculus)
Skeletal
muscle
1 a muscle
spindle
afferent

Spinal cord

Corticospinal tract
Ventral horn
gray matter
(LMN)

LMN
(alpha)

Motor
endplate

Lower motor neuron

Clinical Application
1.

FIGURE 5.16 Corticospinal Tract

Above the decussation in the caudal medulla, CST upper motor neuron fibers course
on the side of the nervous system contralateral to the LMN and the moving muscles.

2. In the spinal cord below the decussation, CST upper motor neurons course on the
side of the nervous system ipsilateral to the LMN and the moving muscle.
3. The LMN is located on the side of the nervous system ipsilateral to the moving
muscles.
4. Therefore, stimulating UMN of the corticospinal track on one side of the motor cortex
will result in excitation of LMN and muscles on the contralateral side of the body.
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LEFT

Frontal lobe
UMN
upper limb
motor cortex
(areas 4, 6)

UMN

Lower limb
motor cortex
(areas 4, 6)
Thalamus
Internal capsule
posterior limb

Midbrain

Above decussation:
contralateral
& below lesions

Corticospinal tract
Pons

Pyramidal
decussation

Lower medulla

Corticospinal
tract
UMN lesion

Spasticity that will
be ipsilateral &
below lesion

Cervical
spinal cord

LMN

Corticospinal tract
Lumbosacral
spinal cord

LMN lesion

Flaccid weakness
that is ipsilateral
& at tesion level

LMN
FIGURE 5.17 Corticospinal Tract

Summary of the Corticospinal Tract Pathway
1.

The primary and premotor cortices of the frontal lobe (Brodmann areas 4 and
6, respectively) are located immediately anterior to the central fissure. Area 4
contains the location of most of the UMN cell bodies (BeTz cells) of the corticospinal
tract. The remainder of the cell bodies are found in the somatosensory cortex (for
sensory modulation of movement) of the postcentral gyrus of the parietal lobe and
other areas of the cortex.

2. UMN axons leave the cortex by descending through the internal capsule (posterior
limb) to enter the brainstem.
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3. After descending through the ventral aspect of the brainstem, the majority of
the upper motor axons (90%) of the corticospinal tract decussate (pyramidal
decussation) at the level of the caudal medulla (ventral surface) to enter and
descend on the contralateral side of the spinal cord where they innervate LMNs
and control movement on the opposite side of body from the cerebral cortex.
4. In the spinal cord, the upper motor neurons of the (lateral) corticospinal tract
descend in the dorsal aspect of the lateral funiculus of the white matter (adjacent
to the dorsal horn) through the entire length of the spinal cord.
5. At each level of the cord a few UMN fibers peel from corticospinal tract to enter the
ventral horn, where they synapse on and coactivate the alpha and gamma lower
motor neurons.
6. The alpha lower motor neuron fibers exit the spinal cord via the spinal nerve
ventral roots, course through the PNS via the spinal nerve, and through the dorsal or
ventral rami to reach the motor endplate of the skeletal muscles.

Clinical Application

The corticospinal tract descends the entire vertical axis of CNS, and thus, it is vulnerable
to multiple types of lesions (stroke, vascular, trauma, tumor, demyelination lesions) at
various levels of the CNS. Knowing the level of the decussation (caudal medulla) is critical
in localizing the lesion (Fig. 5.18).
1.

UMN lesion above the decussation: In lesions between the cortex and the
pyramidal decussation, spasticity will be below the lesion and on the contralateral
side of the body.

2. UMN lesion below the decussation: In lesions in the spinal cord, spasticity will be
below the lesion and on the ipsilateral side of the body.
3. LMN lesion: With lower motor neurons being on the same side of the moving
muscles, a lower motor neuron (central or peripheral) lesions will result in flaccid
muscles at the level of the lesion and on the ipsilateral side of the body.

Location of Motor Lesions in Spinal Cord:
Dorsal

CST
UMN

LMN

Ventral

UMN lesion
• Spastic weakness
• Ipsilateral
• Below lesion
LMN lesion
• Flaccid weakness
• Ipsilateral
• At the level of the lesion

FIGURE 5.18 Motor Lesion of Spinal Cord
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Skeletal muscles can contract under two mechanisms: volitional or reflex. The previous
discussion of the corticospinal tract described the cortical role in volitional movements
of skeletal muscles of the limbs. This section will look at the mechanisms involved in reflex
control of involuntary contraction of skeletal muscles. There are multiple types of reflexes
ranging from simple two neuron reflexes to more, complex reflexes with multiple neuron
circuits.
Reflex innervations result in involuntary contraction of skeletal muscles in response to a
sensory stimulus. Reflexes will be activated by a minimum of two neurons:
1.

Afferent sensory neuron with its cell body in a sensory ganglion

2. Efferent motor alpha lower motor neuron with its cell body in the gray matter of
CNS.

the

Deep Tendon (Monosynaptic) Stretch Reflex
The deep tendon stretch reflex (DTR) Is the simplest of the deep reflexes (Fig. 5.19). It
requires only a two-neuron circuit with one synapse. This reflex is activated when skeletal
muscles are stretched.
1.

Testing the integrity of the deep tendon reflexes during the neurological exam
provides valuable clinical information to determine different types of dysfunction and
muscle weakness (flaccid or spastic) and localizing the lesion.

2. The deep tendon reflex circuit is present at each segmental level of the cord and
is responsible for maintaining and regulating muscle tone and posture within the
skeletal muscular system.
The basic circuit of the deep tendon stretch reflex is shown in Figure 5.19.

Dorsal
root
ganglion

Excitatory
Alpha motor
neuron

Afferent limb:
1a unipolar
neuron from
muscle spindle

Muscle spindle

(respond to stretch)

Spinal cord

Efferent limb:

Alpha LMN to neuromuscular junction
(motor end plates)

Muscle

FIGURE 5.19 Deep Tendon Stretch Reflex

23

5

Neuroanatomy

3. The afferent sensory limb of a DTR begins with a sensory receptor (muscle spindle)
that initiates the firing of the 1a neuron. Stretching of a skeletal muscle results in
activation of the muscle spindles in the muscle. Most skeletal muscles have variable
numbers of muscle spindle sensory receptors embedded in parallel with the skeletal
muscle fibers. The concentration of muscle spindles depends on the function of the
muscle. The central processes of the 1a neuron enters the spinal cord via the dorsal
roots. These fibers pass into the ventral horn without interruption to synapse directly
on and are excitatory to the alpha LMN in the ventral horn of the cord.
a. Muscle spindles contain 2-10 intrafusal skeletal muscle fibers that are innervated by
gamma neurons which control the sensitivity of the muscle spindle.
b. Muscle spindles respond to stretch and provide information about change in
muscle length and the rate of change (velocity).
4. The efferent motor limb of the DTR is the alpha LMN. The 1a fibers directly excite the
alpha LMN in the ventral horn which results in the contraction of the extrafusal skeletal
muscle fibers at the motor end plate.
a. Collaterials of the 1a fibers synapse on and activate interneurons within the
ventral horn that are inhibitory to the LMN to the antagonist muscle (reciprocal
inhibition) as shown in the figure below.
Inhibitory
synapse

Afferent fibers

Excitatory
Alpha
Efferent to Efferent
synapse motor neuron guardiceps fibers

1a afferent from
muscle spindle Muscle spindle
to spinal cord in quadriceps

Hamstring
Efferent to
muscles
inhibit Antagonist
hamstring muscle
(reciprocal inhibition)

FIGURE 5.20 Patellar Reflex
Some of the more commonly tested deep tendon reflexes are listed below.
Reflex						

Cord Segment and Nerve

Knee (patellar) reflex

		

L4 (Femoral N)

Ankle (Achilles) reflex

			

S1 (Tibial N)

Biceps reflex

				

C5, 6 (Musculocutaneous N)

Triceps reflex

				

C7, 8 (Radial N)

Cremasteric (superficial) reflex			
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Deep tendon reflexes are graded using a 5-point scale:
•

0 – Absence of reflex (areflexia)

•

1 – Reduced or weak reflex (hyporeflexia)

•

2 – Normal reflex

•

3 – Brisk reflex (hyperreflexia)

•

4 – Very brisk, usually with clonus

The basis of upper and lower motor neuron signs (spastic vs flaccid, respectively) is
illustrated in Figure 5.21.
Precentral gyrus (UMN)
(primary & premotor cortex)

RIGHT

LEFT

Frontal lobe
Brodmann 4,6

Important:
1. UMNs (reticulospinal tracts,
and other long tracts) provide
net inhibition of gamma and
alpha neurons at the ventral
horn and inhibition of the deep
stretch reflexes.
2. UMN lesions result in loss of
this inhibition and result in
over activity of LMNs.
Posterior limb
of internal capsule

Corticospinal
tract

Brainstem

Decussation
(90%)

Caudal medulla

UMN lesions result in
increased stretch
reflexes: spasticity

Corticospinal
tract (lateral
funiculus)

Skeletal
muscle

1 a afferent

Spinal cord

Muscle
spindle
Deep tendon
LMN
stretch reflex
(alpha)
Ventral horn
gray matter
(LMN)

Motor
endplate

LMN lesions result in
decreased stretch
reflexes: flaccid muscles

FIGURE 5.21 Upper and Lower Motor Neuron Lesion
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Inverse Myotatic Reflex
The inverse myotatic reflex (Fig. 5.22) utilizes sensory receptors (Golgi tendon organs)
that are imbedded in the tendons of skeletal muscles. These receptors respond to the
degree of tension placed upon the muscle. Impulses from Golgi tendon organs project
via 1b neurons that course through the dorsal root and stimulate interneurons in the
ventral horn that are inhibitory to the LMN. This results in an effect opposite that of the 1a
neuron (deep tendon reflex) that excites LMN.

Dorsal root
ganglion
Golgi tendon
organ
(tension)

Inhibitory
interneuron

1b
Spinal cord
Alpha motor
neuron

FIGURE 5.22 Inverse Myotatic Reflex
Summery of Upper and Lower Motor Neuron Lesions is Shown in Table 5.1.

Table 5.1: Comparison of Upper (UMN) and Lower (LMN) Motor Neuron Lesions
UMN Lesion (*Spastic)

LMN Lesion (**Flaccid)

Hyperreflexia

Areflexia (hyporeflexia)

Babinski sign present (extensor reflex)

Babinski sign absent

Increased muscle tone (hypertonia)

Decreased muscle tone
(atonia or hypotonia)

Clonus (at ankle and wrist)

Fibrillations (electromyography)

Clasp-knife reflex
(hyperactive golgi tendon response)

Fasciculations (early in lesion)

Minimal disuse atrophy of muscles

Atrophy of muscle(s) - over time

Large area of the body involved

Small area of the body affected

* Deficits below lesion, contralateral or ipsilateral
** Deficits at level of lesion and ipsilateral
Spinal shock occurs following severe trauma or transsection of the spinal cord, with flaccid paralysis
presenting during a transient period of days to weeks. The spasticity associated with the UMN damage will not
present until after spinal shock subsides.
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There are multiple sensory ascending long tracts located in the white matter of the spinal
cord. In this section, only two of the more important clinical sensory long tracts (dorsal
column-medial lemniscus tract and spinothalamic tract) will be reviewed.
Understanding these two long tracts will be essential in localizing neurological lesions.
These two sensory systems provide the major conscious sensory modalities tested in the
basic neurological exam: vibration, touch, two-point discrimination, proprioception, pain,
and temperature. The peripheral regions of the skin supplied by these sensory neurons
are referred to as dermatomes.
The typical ascending sensory long tract follows a common pattern with the following
features (Fig. 5.23):
1.

Composed of three neurons between receptors and the sensory cortex.

2. Midline decussation.

3. Relays through a thalamic nucleus that projects to the somatosensory cerebral
cortex (layer IV).
The common features of a typical sensory pathway are shown in the figure below:
Somatosensory cortex
(Brodmann 3, 1, 2)

Parietel lobe:
Postcentral gyrus

Thalamus

Internal Capsule:
Posterior limb
Right

Left

1: First-order neuron
(in DRG)

Brainstem

Decussation

Spinal cord

2: Second-order neuron

Lesion above
decussation
is below &
contralateral

(Decussating axon)

3: Third-order neuron
in thalamus
(through internal
capsule to cortex)

Cell body in,
brainstem or
spinal cord nuclei
Dorsal root

Lesion below
decussation
is below &
ipsilateral

Pseudounipolar
neuron in DRG
Primary afferent
neuron

Receptor :

General sensory
Proprioception

FIGURE 5.23 Organization of Ascending Long Tracts
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Dorsal Column-Medial Lemniscus Tract

The dorsal column-medial lemniscus pathway (Fig. 5.24 and 5.25) is responsible for the
sensory modalities of touch, two-point discrimination, vibration, deep pressure, and
conscious proprioception. Conscious proprioception provides the individual with position
knowledge of where the limbs are in space.

The sensory receptors for these major sensory pathways are located in the skin
(Pacinian corpuscles for vibration and Meissner corpuscles for touch) and in muscles
(muscle spindles and Golgi tendon organs) for conscious proprioception. This pathway
provides the ability to determine the shape, size, and texture of objects placed in the
hand with eyes closed.

The dorsal column pathway in the spinal cord is divided into two columns (fasciculus
gracilis and fasciculus cuneatus), one for the lower trunk and limbs and one for the upper
trunk and limbs.
1.

Fasciculus gracilis is found in all segments of the cord and conducts sensory
information from the lower trunk and lower limbs. Note that below T5-6 cord levels,
the fasciculus gracilis is the only dorsal column. Above this level fasciculus gracilis is
the medial to the fasciculus cuneatus.

2. Fasciculus cuneatus develops in the upper aspect of the spinal cord (above T5–T6)
and conducts sensory information from the upper trunk and upper limb. It forms the
lateral of the two dorsal columns.
The circuits for this three-neuron pathway are illustrated below.
Somatosensory cortex
(Brodmann 3, 1, 2)

Parietel lobe:
Postcentral gyrus

Thalamus
Ventral posterolateral
nucleus (VPL)

A

Internal Capsule:
Posterior limb

B

Right

Left
Location of Lesion:

A, B, & C:

Loss of function, contralateral
and below lesion

C

D:

Medial
lemeniscus

Brainstem

Loss of function, ipsilateral
and below lesion

Decussation
(Internal arcuate
fibers)

N. Cuneatus (NC)
N. Gracilis (NG)

Caudal medulla

D

Fasciculus gracilis (FG) –

from lower limb and trunk;
Dorsal
medial
columns
Fasciculus cuneatus (FC) –

Spinal cord
Function: Stereognosis,
conscious, proprioception,
fine touch, vibration,
two-point discrimination,
pressure

DRG

from upper limb and trunk
lateral (forms above T5 or T6)

Receptor:

1. Meissner corpuscle – touch
2. Pacinian corpuscles – vibration
3. Muscle spindle – proprioception
4. Golgi tendon – proprioception

FIGURE 5.24 Dorsal Column Pathway
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A. First-Order (Primary) Neurons
1.

The cell bodies of the primary afferent neurons are located in the dorsal root
ganglia at each spinal nerve level. These cells are unipolar neurons and are large,
fast-conducting, myelinated neurons (1a, 1b, and alpha-beta).

2. The central processes of these unipolar neurons enter the CNS via the medial
division of the dorsal roots of the spinal nerves. These fibers bypass the dorsal
horn and enter the dorsal funiculi of the white matter forming several ascending
long tracts. Most of these fibers turn upward and ascend the length of the spinal
cord as the dorsal columns. Two separate dorsal column pathways {gracilis and
cuneatus) form in the dorsal white matter as described above. Some of these
central fibers also project to the LMN of the ventral horn for reflex purposes.
B. Second-Order Neurons
1.

The ascending fibers of the fasciculi gracilis and cuneatus reach the lower
medulla where they synapse on the second-order neurons in the nuclei cuneatus
and gracilis.

2. The decussation of these two pathways (internal arcuate fibers) occurs across
the midline of the dorsal aspect of the lower medulla. Above the decussation,
the ascending, second-order nerve fibers course on the contralateral side of
the brainstem and are called the medial lemniscus. These fibers ascend the
brainstem contralateral to the first-order neurons and carry general sensations
from the contralateral limbs. Medial lemniscus fibers terminate in the ventral
posterolateral (VPL) nucleus of the thalamus.
C. Third-Order Neurons
1.

The cell bodies of the third-order neurons are within the VPL nucleus of the
thalamus and project their fibers via the posterior limb of the internal capsule
to the somatosensory cortex (areas 3, 1, and 2) of the postcentral gyrus and
paracentral lobule of the parietal lobe.
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RIGHT

LEFT

Somatosensory cortex
Parietal lobe
(Areas 3, 1, 2)

Upper limb
sensory cortex
(areas 3, 1, 2)

Lower limb sensory
cortex (areas 3, 1, 2)

#3

Thalamus VPL
Internal capsule
posterior limb

Midbrain

Lesions:
Below and
Contralateral

Medial Lemenisus

Pons

NG
NC

Sensory Decussation
(Internal arcuate fibers)
#2

Lower medulla

Fasciculus Cuneatus:
Lateral

From upper limb
and trunk

Fasciculus
Gracilis: Medial

Cervical
spinal cord
From lower limb
and trunk

#1

Lesions:
Below &
Ipsilateral

Fasciculus Gracilis

Lumbosacral
spinal cord

FG FC

Dorsal column - medial
lemniscus tract

FIGURE 5.25 Dorsal Column Pathway
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Lesions of the dorsal column/medial lemniscus pathway result in the loss of conscious
proprioception and the general sensory modalities (except pain and temperature).
Dorsal column lesions are seen in cord pathologies such as tabes dorsalis, demyelinating
diseases (e.g., multiple sclerosis), and subacute combined degeneration.
Lesions of dorsal columns include the following signs:
1.

Difficulty judging the shape, size, or texture of an object (astereognosis or agnosia)
when item placed in the hand.

2. Deficits of line touch and vibration sensations: paresthesia (pins and needles).
3. Abnormalities in gait and difficulty maintaining balance due to the loss of conscious
awareness of limb position (proprioception). In the lower limb (gracilis), the person
walks with a cautious high-step gait.
4. Rhomberg sign.

The Romberg Test
The Romberg test is used to compare lesions of the gracilis dorsal column proprioceptive
functions with lesions of the cerebellar vermis. The ability to maintain balance and
posture depends on the interaction of three different systems:
a. Vestibular
b. Visual
c. The proprioceptive functions of the gracilis dorsal column.
If there is a lesion of one of these three systems, the individual can continue to maintain
balance. However, if two of the three are defective, then it is difficult to maintain balance.
The Romberg test:
1.

With feet together, observe if individual with can stand erect with good balance
with the eyes open.

2. Next ask the person to close their eyes. A patient with a dorsal column lesion can
stand vertically balanced with eyes open (using visual system). But with eyes
closed, the patient will sway and lose balance. Falling over with eyes closed is
referred to as a positive Romberg sign (sensory ataxia). This is due to the loss of
conscious proprioceptive input from the lower limbs.
3. Falling over with eyes open indicates cerebellar vermis damage, referred to as
motor (cerebellar) ataxia (discussed in cerebellum chapter).
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Spinothalamic Tract (Anterolateral System)

Conscious perception of pain and temperature sensations is provided by the
spinothalamic tract (STT) (Figs. 5.26 and 5.27). The sensory receptors (free nerve endings
and thermal receptors) for these modalities are located in the skin. Pain and temperature
pathways (and some crude touch) follow the characteristic three neuron ascending
sensory pathway described earlier.

The circuit for the pain and temperature pathway is illustrated in Figure 5.26.
Parietel lobe:
Postcentral gyrus
Somatosensory cortex
(Brodmann 3, 1, 2)

Internal Capsule:
Posterior limb

Thalamus

Ventral posterolateral
nucleus (VPL)

A
B

Right

Left

C
Brainstem

Location of Lesion:
A, B, C & D:

Contralateral loss of pain &
temperature below the lesion

Spinal
cord

Spinothalamic
tract

D
Dorsal horn

Decussates at each spinal
cord level
(ventral white commissure)

Spinal cord

DRG

Ascends or
descends
1-2 segments:
Lissauer tract

FIGURE 5.26 Spinothalamic Tract
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Summary of the Spinothalamic Pathway
First-Order (Primary) Neurons
1.

The cell bodies of the primary afferent unipolar neurons are located in the dorsal
root ganglion. These fibers are thinly myelinated (alpha - delta) or unmyelinated
(C) fibers that conduct pain and temperature sensations. Both of these neurons are
sensitive to anesthetics.

2. The central processes of these unipolar neurons pass into the spinal cord via the
lateral division of the dorsal roots and enter the Lissauer tract. Within the Lissauer
tract, the fibers ascend or descend one or two segments and then synapse on
second-order neurons in the outer laminae of the dorsal horn nuclei (substantia
gelatinosa).
Second-Order Neurons
1.

The cell bodies of the second-order neurons are located in the outer laminae of the
dorsal horn nuclei of the spinal cord. Their fibers course medially and decussate
in the ventral (anterior) white commissure of the central spinal cord ventral to
the central canal. The axons of these decussated fibers form the spinothalamic
tract in the ventral part of the lateral fasciculus on the opposite side of the spinal
cord. The tract is contralateral to the side of the incoming pain and temperature
sensation.

2. Important to note that pain and temperature fibers decussate at each of the 31
levels of the cord.
3. After decussation, second-order fibers ascend in the spinothalamic tract of the
spinal cord. New fibers are added to the medial side of the tract at each of the
segmental levels of the cord so that fibers from the lower body are located laterally
in the tract.
4. Fibers of the spinothalamic tract ascend the lateral border of the brainstem and
synapse on the third-order neurons in the thalamic VPL nucleus.
Third-Order Neurons
1.

The third-order neuron cell bodies are within the VPL nucleus of the thalamus.
Their fibers project through the posterior limb of the internal capsule to the
somatosensory cortex (areas 3, 1, 2) in the postcentral gyrus and paracentral
lobule of the parietal lobe.
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RIGHT

LEFT

Somatosensory cortex
Parietal lobe (Areas 3, 1, 2)
Upper limb sensory
cortex (areas 3, 1, 2)

Lower limb sensory
cortex (areas 3, 1, 2)
#3

Thalamus VPL
Internal capsule
posterior limb

Midbrain

Pons
Primary afferent
neurons

Below and Contralateral
Lesions between spinal
cord and cortex

Spinothalamic tract

Lower medulla

Cervical
spinal cord

From upper limb
#1

From lower limb

#2

Lumbosacral
spinal cord
Spinothalamic tract

Spinothalamic tract

FIGURE 5.27 Spinothalamic Tract
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Note that spinothalamic tract lesions on one side of the cord result in the contralateral
loss of pain and temperature sensations below the level of the lesion. The contralateral
nature of spinothalamic tract lesions in the spinal cord, when compared to the previous
two long tracts, is a hallmark, clinical sign that distinguishes a spinal cord lesion. The side
of the limbs and trunk showing loss of pain and temperature will be on the opposite side
of the body from the side of spinal cord lesion (contralateral sign). Note that the other
two major spinal cord long tracts present with ipsilateral signs .
Note the following pattern of clinical presentation related to pain and temperature
perception with lesions in this pathway.
1.

Dorsal Root Lesion: Ipsilateral at the level of lesion.

2. Lissauer Tract Lesion: Ipsilateral one to two segments above or below the lesion.
3. Spinothalamic Tract Lesion: Contralateral and one or two segments below the
lesion.

Spinocerebellar Tracts
The spinocerebellar tracts are ascending sensory pathways that convey unconscious
proprioceptive information from muscle spindles and Golgi tendon organs from trunk
and limb muscles to the cerebellum. This sensory information is essential for posture, fine
muscular coordination, and control of ongoing movements that the cerebellum provides.
The spinocerebellar tracts do not follow the classic pattern of a sensory tract. They
consist of only two neurons, are uncrossed (do not decussate), and do not relay through
the thalamus. Most of the spinocerebellar fibers enter the cerebellum via the inferior
cerebellar peduncle as mossy fibers to the vermis and paravermis areas.
There are two major spinocerebellar tracts. Fibers from both pathways enter the
cerebellum through the inferior cerebellar peduncle of the upper medulla. The
spinocerebellar tracts project information from the limbs to the ipsilateral cerebellum.
1.

The cuneocerebellar tract transmits unconscious proprioceptive information from
the upper limb and trunk.

2. The dorsal spinocerebellar tract transmits unconscious proprioceptive information
from the lower limb and trunk.

Clinical Application
Lesions of the spinocerebellar tracts usually result from hereditary degenerative
diseases that involve loss of bilateral dorsal columns, corticospinal tracts, and bilateral
spinocerebellar tracts (e.g., Friedreich ataxia).
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Spinal Cord Blood Supply

The upper and lower halves of the spinal cord receive their blood supply from two
general sources (Fig. 5.28).
The upper half (above mid-thoratic levels) of the spinal cord receives its blood supply
primarily from two sources:

1.

a. A single, ventral anterior spinal artery
b. A pair of dorsal posterior spinal arteries
These arteries branch from the vertebral arteries within the cranial vault and descend
through foramen magnum to course on the surface of the spinal cord. Most of the
vascular events affecting the upper spinal cord result from pathology involving these
two arteries in the upper cord.
2. These vessels descend on the ventral or dorsal sides of the spinal cord. The single
anterior spinal artery supplies approximately the ventral 75% of the cord, and the pair
of posterior spinal arteries supply the dorsal 25% of the cord, primarily the area of the
dorsal columns.
3. The lower part of the cord (below mid-thoracic levels) receives its blood supply from
multiple sources, These are primarily from segmental branches of the intercostal and
lumbar arteries. The largest segmental artery is usually a branch of the upper lumbar
arteries (artery of Adamkiewicz) and care has to be taken to not damage this vessel in
surgery to prevent damage to the lower part of the spinal cord.

Clinical Application
The watershed area of the spinal cord occurs between T4 - T8 cord segments. Perfusion
here is reduced being inadequately shared between the vertebral and aortic blood
supply. It is the first area of the cord to go ischemic with major loss of blood flow.
Supplies primarily
dorsal columns (25%)
Posterior spinal
artery (PSA)

PSA

PSA

Anterior spinal
artery (ASA)
ASA
Supplies ventral
half of cord (75%)

FIGURE 5.28 Blood Supply To Upper Spinal Column
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Guide to identifying regional cross sections of the spinal cord are shown in Figure 5.29.

CERVICAL

Posterior horn
Anterior horn

THORACIC

White matter
Central canal

White matter is more
abundant
Ventral horn large

Two dorsal columns

Posterior horn

White matter

White matter abundant

Central canal

Lateral horn
Anterior horn

Lateral horn is present

LUMBAR
Posterior horn
Anterior horn

Ventral horn is small

Two dorsal columns
are present (above T6)

White matter
Central canal
White matter is
less abundant

Ventral horn is large
ONE dorsal column
is present (Gracillis)

SACRAL

Posterior horn
Anterior horn

White matter
Central canal

FIGURE 5.29 Features and Levels of Spinal Cord
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Lesions of Spinal Cord

The neurological presentation of spinal cord lesions provides the clinician with a cascade
of clinical signs used to localize and identify different types of spinal cord lesions.
The locations of the long tracts and the clinical presentations of the sensory and motor
lesions of the spinal cord discussed in this chapter are summarized in the cross section
below.
Dorsal Columns

Below lesion: Ipsilateral loss of touch, etc.

Fasciculus cuneatus (UL)

Fasciculus gracilis (LL)

Upper Limb with
lesions between
C1 & T1

Corticospinal Tract (UMN)

Below lesion: Ipsilateral spasticity

Descending Hypothalamic Tract

LMN

Spinocerebellar
tracts

Ipsilateral Horner syndrome with
lesion between C1 and T1

Spinothalamic Tract

Below lesion: Contralateral
loss of pain/temperature
(1-2 segments above and below)

Ventral White Commissure

Lower Motor Neuron

At level of lesion: Ipsilateral
flaccid muscles (LMN)

At level of lesion: Bilateral loss
of pain/temperature

FIGURE 5.30 Lesions of Spinal Cord

A. Model of a Spinal Cord Case (Fig. 5.31):
1.

Side of lesion

Clinical exam shows no cranial nerve signs

2. Sensory and motor deficits are on the trunk and limbs
3. Spastic muscles, flaccid muscles and general sensory
deficits (except pain and temperature) present on the
side of the body ipsilateral to the side of the lesion
4. Pain and temperature will be on the side of the body
contralateral to the side of the lesion.
5. Lesions between C1 and T1-T2 may include motor
or sensory deficits of the upper limb and Horner
syndrome.

B. QUESTIONS TO ASK:
1.

Spasticity
Loss of touch
Flaccid muscles

FIGURE 5.31 Model of Spinal Cord Lesions

At or below what level are these sensory and or motor deficits?

2. What tracts are affected?
3. What is the side(s) of the lesions?
4. What is the type of sensory deficit: Touch or pain/temperature?
38
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A. Poliomyelitis
Polio (Fig. 5.32) results from an acute viral inflammatory destruction of the ventral horn
lower motor neurons (LMN) . Poliomyelitis most often involves several lumbar cord
segments, affecting the lower limbs. Polio presents with all of the affected muscles
showing LMN signs:
1.

Flaccid weakness

2. Fasciculations
3. Hypotonia

LMN

4. Areflexia
5. Muscle atrophy
6. Retrograde transport (dynein)

B. Tabes Dorsalis

FIGURE 5.32 Poliomyelitis

Tabes dorsalis (Fig. 5.33) (seen in late stages of neurosyphilis) usually affects the
lumbosacral region of the cord and presents as a progressive, bilateral demyelination
of the gracilis dorsal column and the dorsal roots of the spinal nerves. Tabes dorsalis will
affect both lower limbs.
Fasciculus gracicis
Clinical presentation include :
1.

High-step gait due to loss of lower limb
conscious proprioception

2. Three P’s: Paraesthesia, pain, and polyuria
3. Sensory ataxia (positive Romberg sign)
4. Argyll Robertson pupil
5. Decreased stretch reflexes due to dorsal root
damage

FIGURE 5.33 Tables Dorsalis

C. Lou Gehrig Disease -Amyotrophic Lateral Sclerosis (ALS)
ALS is a progressive bilateral neurodegenerative disease (Fig. 5.34) affecting the ventral
horn (LMN), corticospinal tracts (UMN), and cortex and brainstem. The disease usually
begins at cervical levels. ALS is progressive to death (2-5 years), eventually reaching vital
brainstem centers and the motor systems of the cortex and brainstem.
1.

After an initial slow onset, ALS presents later with
a combination of lower and upper motor neuron
signs affecting both motor systems in the cord.
The upper limbs show flaccid signs (LMN) due
to ventral horn lesions at level of lesion (cervical
cord), and the lower limbs show spastic signs
below the level of lesion due to the corticospinal
tract lesion (UMN).

UMN
LMN

2. No sensory deficits and maintain normal bladder FIGURE 5.34 Amyotrophic Lateral
Sclerosis
and rectal functions.
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D. Anterior Spinal Artery (ASA) Syndrome
The anterior spinal artery supplies the ventral half of the spinal cord (75%) above midthoracic levels (Fig. 5.35). Occlusion of the ASA results in a rapid onset of bilateral, acute
signs.
Dorsal columns
1.

Bilateral loss of pain and temperature below the lesion
(STT)

CST

2. Bilateral spasticity (UMN) below the lesions (CST)
3. Bilateral flaccid (LMN) muscles at level of lesion
(ventral horn)
STT

4. Dorsal columns are spared (supplied by posterior
Ventral horn
spinal arteries) with sensory functions intact.
FIGURE 5.35 Anterior Spinal Artery Syndrome

E. Subacute Combined Degeneration Syndrome

This syndrome is a bilateral, progressive demyelination affecting the dorsal columns
and the corticospinal and spinocerebellar tracts. It usually affects the upper thoracic
and lower cervical cord levels. This results from a deficiency of vitamin B12 (pernicious
anemia)seen in alcoholics with malnutrition.
Dorsal columns
The disease process results in:
1.

Bilateral loss of dorsal column functions
below the lesion: paresthesia, impaired
position sense (sensory ataxia).

CST
Spinocerebellar
tract

2. Bilateral upper motor neuron signs below
the lesion: spasticity (Babinski sign)

FIGURE 5.36 Subacute Combined Degeneration

F. Syringomyelia (Central Cord Syndrome)

Ventral white commissure

Cavitation lesions (Fig. 5.37) around the central
canal initially damage the bilateral decussations of
pain and temperature fibers at the anterior white
commissure, usually affecting several segments of
the upper thoracic and cervical levels of the cord.
This will result in:
1.

Bilateral loss of pain and temperature at the
corresponding level.

2. Over time the lesion will extend into the ventral horn
resulting in bilateral flaccid muscles at the same
levels (LMN) or unilateral.

Cape lesion
Bilateral loss
of pain &
temperature

Area where
sensations
of pain &
temperature
are lost

3. Horner syndrome and Chari 1 malformations may
also be present later.

FIGURE 5.37 Syringomyelia
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A total hemisection (Fig. 5.38) of the spinal cord (also involves the dorsal root fibers)
produces a cascade of ipsilateral or contralateral motor and sensory signs. This event
presents with a typical model of a spinal cord case: two ipsilateral long tract signs (dorsal
columns and corticospinal) and one contralateral long tract sign (spinothalamic) below
the lesion. Total dermatome anesthesia and flaccid muscles will be seen ipsilateral and
at the level of the lesion.
DC
Clinical presentation include:
1.

DC: Ipsilateral general sensory (except pain
and temperature) and position sensory loss
below the level of the lesion (DC).

CST
STT

2. CST: Ipsilateral spasticity below the level of
the lesion (CST) (UMN).
3. STT: Contralateral pain and temperature loss
within one or two segments below the level of the lesion.

LMN

4. Ventral horn: Ipsilateral LMN flaccid muscles at the level of the lesion.
5. Dorsal root: Ipsilateral total dermatome anesthesia at the level of the lesion.
6. Descending hypothalamic tract: Ipsilateral Horner syndrome if lesion is at or above
T1 or T2.
Lesion on this side of the body

At level of lesion & ipsilateral:
Flaccid paralysis (LMN)
Total loss at sensory
dermatome

Below level of lesion & ipsilateral:
Spasticity (CST)
Loss of touch, vibratory and
proprioceptive (dorsal columns)

Contralateral & 1-2 segments
below level of lesion:
Loss of pain and temperature
sensations (spinothalamic)

FIGURE 5.38 Brown-Sequard Syndrome
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BRAINSTEM
Objectives
Identify the major external features of the brainstem and how
to use them to identify the different levels of the brainstem
(medulla, pons, midbrain).
Identify the attachments of the cranial nerves to the brainstem
and define their functions and clinical presentations of lesions.
Explain how to use axial images of the brainstem to
assist in identifying the different levels. Describe the
location, function, and clinical presentations of
lesions of the major motor and sensory nuclei and
the three major long tracts of the brainstem.
Define the role of lower motor neurons and upper
motor neurons (corticobulbar fibers) in the
brainstem.
Describe the features of the external middle,
and inner ear and the circuits of the auditory
and the vestibular systems. Define the
pathways and lesions of the volitional
horizontal gaze circuits.
Understand the blood supply to the
brainstem and the clinical features of the
five classic brainstem lesions.

Brainstem

BRAINSTEM
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Introduction

The brainstem is anatomically compact and is located in the posterior cranial fossa
with the cerebellum. It has many diverse functions and is an essential and clinically
important part of the nervous system. The brainstem processes information between
the diencephalon and brain, superiorly, and with the spinal cord, inferiorly. Brainstem
lesions of many types (vascular strokes, tumors, trauma, degenerative and demyelinating
events) can result in significant neurological and life-threating events.
1.

The brainstem is composed of three main regions: The medulla, pons, and midbrain.

2. It contains the sensory and motor nuclei and circuits associated with 9 of the
12 cranial nerves. The study of the cranial nerves and their major nuclei will be
emphasized in this chapter.
3. The brainstem also serves as a conduit for ascending and descending long tracts,
including the corticospinal, dorsal column - medial lemniscus, and spinothalamic
tracts.
4. Other important functions associated with the brainstem are control of
consciousness, cerebellar circuits, muscle tone, balance, regulation of pain and
temperature, and respiratory and cardiovascular activities.
5. Because of the small size of the brainstem, the tracts and nuclei are tightly
compacted together. Thus, a small focal lesion can damage multiple structures
resulting in significant neurological dysfunctions.
A thorough knowledge of brainstem nuclei and their circuits provides the clinician with
valuable tools needed to identify and localize neurological disorders of the brainstem.
Strategy rules presented here will be of great benefit in understanding the circuits of the
brainstem and localizing lesions.

Strategies For Localizing Brainstem Lesions
Several important questions utilized in localizing lesions within the brainstem are listed
below. Strategy rules related to each of these will be presented in this chapter and will be
beneficial in localizing brainstem lesions.
1.

Which side is the lesion on? Right or left sides.

2. At each level, what is the position of the lesion? Medial or lateral.
3. What is the level of the lesion? Medulla, pons, or midbrain.

1

6

Neuroanatomy

Dorsal and Ventral Surface Features of the Brainstem

Identifying the major landmark features on the ventral and dorsal surfaces of the
brainstem will assist in localizing and determining the level of lesion.

A. Note the major landmarks on ventral surface of the brainstem in Figure 6.1.

Offactory tract (I)

Optic chiasm
Hypothalamus Infundibulum

Mammillary
bodies

Optic Nerve (II)
Corticospinal tract (UMN)
Diencephalon

Diencephalon
Midbrain
Cerebral peduncle
1. Frontopontine fibers
2. Corticospinal fibers (UMN)
3. Corticobulbar fibers (UMN)
Basilar surface of pons
Olive (inferior olivary nucleus)
Pyramid
Corticospinal tract: UMN

Oculomotor nerve (III)

Midbrain

Trochlear nerve (IV)
Trigeminal nerve (V)
Abducens nerve (VI)
Facial nerve (VII)

Pons

Vestibulocochlear nerve (VIII)
Pontomedullary junction (cerebello-pontine angle)

Glossopharyngeal nerve (IX)
Vagus nerve (XI)

Upper
medulla

Hypoglossal nerve (XII)
Pyramidal decussation
Pyramid

Decussation of corticospinal
tract and dorsal columns

Spinal accessory nerve (XI)

FIGURE 6.1 Ventral View of Brainstem

2

Lower
medulla

Brainstem
B. Note the major landmarks on the dorsal surface of the brainstem in Figure 6.2.

6

Thalamus

Third ventricle

Pretectum

Epithalamus
Pineal gland

Tectum

Diencephalon

Superior colliculus (vision)

Inferior colliculus (auditory)

Midbrain

Trochlear nerve (IV)
Cerebral peduncle
Superior cerebellar peduncle

Pons

Middle cerebellar peduncle

Inferior cerebellar peduncle
Fourth ventricle
Upper medulla

Obex
Nucleus gracilis
Nucleus cuneatus
Cuneatus

Lower medulla

Gracilis

FIGURE 6.2 Dorsal View of Brainstem
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C. Note the pattern of attachments of the cranial nerves to the brainstem in Figure 6.3.

Clinicals Strategies:
1. Motor CNs III, VI, and XII are located
medially and produce medial lesions.
2. Remainder of CNs are located laterally
and produce lateral lesions.
3. Note that the mixed CNs (V, VII, IX, and X)
are lateral in the brainstem and all
represent lateral lesions.

Offactory tract (I)

Optic Nerve (II)

Diencephalon

Midbrain

Oculomotor nerve (III)
Trochlear nerve (IV)
Trigeminal nerve (V)

Pons

Abducens nerve (VI)

Facial nerve (VII)

Vestibulocochlear nerve (VIII)

Pontomedullary junction (cerebello-pontine angle)

Upper medulla

Glossopharyngeal nerve (IX)
Vagus nerve (X)

Hypoglossal nerve (XII)
Spinal accessory nerve (XI)
(Spinal cord origins C1-C5)
Cervical
cord
C1-5

FIGURE 6.3 Attachment of Cranial Nerves To Brainstem
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Olfactory tract (I)
Optic nerve (II)
Optic chiasm
Infundibulum
Diencephalon
Midbrain

Hypothalamus

Mammillary
bodies
Oculomotor nerve (III)
Trochlear nerve (IV)

Midbrain

Trigeminal nerve (V)
Pons

Abducens nerve (VI)
Facial nerve (VII)

Pons

Vestibulocochlear
nerve (VIII)
Upper medulla

Glossopharyngeal
nerve (IX)
Vagus nerve (X)

Upper
medulla

Hypoglossal nerve (XII)

Lower medulla

Spinal accessory
nerve (XI)
Pyramid

FIGURE 6.4 Ventral View of Brainstem

5

6

Neuroanatomy

Overview of Cranial Nerve Organization and Function

The cranial nerves provide sensory and/or motor innervations to the head and neck
regions. An understanding of the cranial nerve system in the brainstem is essential in
neurology. Being able to recognize the signs and symptoms of cranial nerve disorders is
important in localizing brainstem lesions.

Table 6.1 below provides the major important clinical aspects of the cranial nerves.

Table 6.1: Organization and Function of Pure Motor or Pure Sensory Cranial Nerves
Cranial Nerve

Cranial Exit

Components
S/M

Normal Function

I-Olfactory

Cribriform

Specia
sensory

Smell

Optic canal

Special
sensory

Vision

Special
sensory

Hearing, balance,
and equilibrium

II-Optic

Internal acoustic
VIII
meatus
Vestibulocochlear

Cranial Nerve Lesion Signs
(Ipsilateral Signs)
• Loss of smell (dysosmia)
• Visual field defects (anopia)
• Loss of pupillary light reflex with III
(sensory input to parasympathetics)
• Affected by MS

• Progressive hearing loss
• Loss of balance, nystagmus
• Double vision (Diplopia)

1. Motor to medial rectus,
• External strabismus (see page 10)
superior rectus, inferior
• Horizontal gaze defect (medial rectus)
rectus, inferior oblique**

III-Oculomotor*

Superior orbital
fissure

Motor: 5 Mus.

2. Motor to levator
palpebrae superioris
(elevates eyelid)

• Ptosis (closed upper eyelid)

3. Parasympathetic to:
• Sphincter pupillae
• Ciliary muscles

• Dilated pupil, loss of light reflx with II
• Loss of near vision (accommodation)

IV-Trochlear*

Superior orbital
fissure

Motor: 1 Mus.

• Difficulty looking down when eye
is adducted
Motor to superior oblique
muscle (depresses eye) • Difficulty walking down stairs
• Head tilts away from side of lesion

VI-Abducens*

Superior orbital
fissure

Motor: 1 Mus.

Motor to lateral rectus
muscles (abducts eye)

• internal strabismus (see page 10)
• Horizontal gaze defect

XI-Accessory

Jugular
foramen

Motor: 2 Mus

Motor to
sternocleidomastoid
and trapezius muscles

• Difficulty turning head to opposite
side of lesion
• Inability to shrug shoulders

XII-Hypoglossal

Hypoglossal
canal

Motor: 7 Mus

Motor to intrinsic
and extrinsic tongue
muscles (genioglossus,
hypoglossus, and
styloglossus)

* Ocular cranial nerves
** Note action of extraocular muscles discussed on page 9
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• Deviation of tongue toward the
lesioned side on protrusion
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Table 6.1: Organization and Function of Mixed Cranial Nerves (cont.)
Cranial Nerve
V-Trigeminal
V1 – Ophthalmic

V2 – Maxillary

V3 - Mandibular

VII-Facial

Cranial Exit

Superior orbital
fissure

Foramen
rotundum

Foramen
ovale

Internal acoustic
meatus

Components

Function

Cranial Nerve Lesion Signs
(Ipsilateral Signs)

Sensory

General sensory from
bridge of nose, upper
eyelid, forehead, cornea

• Loss of general sensation from skin of
forehead-scalp
• Loss of sensory side of corneal (blink)
reflex with motor side of VII

Sensory

General sensory from
lateral nose, lower eyelid, • Loss of general sensation from skin
over maxilla, maxillary teeth, gingiva
upper lip, cheek, roof of
and mucosa of roof of mouth
mouth, upper teeth,
gingiva, and mucosa

Mixed

Mixed

1. Motor to muscles of
first arch: mastication
and other muscles

• Deviation of mandible to side of lesion
on protrusion

2. General sensory from
lower lip, chin, floor of
mouth, lower teeth and
gingiva, and anterior two
thirds of tongue
(lingual nerve, not taste)

• Loss of general sensation from skin
over mandible, mandibular teeth,
gingiva, and mucosa of floor of mouth,
and tongue (anterior 2/3)
• Trigeminal neuralgia – pain in V2 or V3
territory (tic douloureux)

1. Motor to muscles of
second arch, muscles of
facial expression,
stapedius

• Weakness of muscles of the mouth,
drooping corner of mouth, cannot
close eye, cannot wrinkle forehead,
loss of motor side of blink reflex
• Hyperacusis(stapedius muscle
weakness)
• Bell palsy-peripheral lesion of nerve at
stylomastoid foramen

2. Taste (special sensory)
from anterior 2/3 of
• Abnormal taste on anterior 2/3 of
tongue, via chorda
tongue (ageusia)
tympani nerve
3. Parasympathetic to
lacrimal, submandibular,
and sublingual glands

IX
Glossopharyngeal

Jugular
foramen

1. General sensory from
oropharynx, middle ear,
auditory tube, carotid
body and sinus, external
ear, general sensory and
taste for posterior 1/3 of
tongue
Mixed

• Chewing difficulties

• Dry eye

• Dry mouth
• Weakness of gag reflex (with X)
• General sensory and taste loss on
posterior 1/3 of tongue
• Sensation loss from upper 2/3 of
pharynx

2. Motor to muscle of third
arch: stylopharyngeus
• Limited weakness of swallowing
muscle
3. Parasympathetic to
parotid gland

• Dry mouth

7
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Table 6.1: Organization and Function of Mixed Cranial Nerves (cont.)
Cranial Nerve

Cranial Exit

Components

Cranial Nerve Lesion Signs
(Ipsilateral Signs)

Function
1. Motor to muscles of arches
4 and 6:
a)Pharyngeal muscles (5)
b)Uvula (soft palate muscles)
c) Laryngeal muscles

X-Vagus

Jugular foramen

Mixed

• Severe difficulty in swallowing
(dysphagia)
• Nasal speech, nasal regurgitation,
palate droop
• Uvula deviates away from lesion side
• Hoarseness/fixed vocal cord

2. General sensory from larynx,
trachea, esophagus, viscera,
external ear, apiglottis
(including taste)

• Gag reflex weakness (with IX)
• Cough reflex weakness (X with X)

3. Parasympathetic to viscera
of thorax, foregut, and midgut

• Arrhythmias
• Decreased motility and glandular
secretion of foregut and midgut

Review of Cranial Nerve Reflexes :
1. Pupillary light reflex
Sensory.........Optic nerve (II)
Motor................Parasympathetics of oculomotor nerve (III)
2. Corneal (blink) reflex
Sensory.........Ophthalmic division of CN V
Motor................Facial nerve (VII)
3. Gag reflex
Sensory.........Glossopharyngeal nerve (IX)
Motor................Vagus nerve (X)
4. Cough reflex
Sensory.........Vagus (X)
Motor................Vagus (X)
Ganglia related to cranial nerves are shown in Table 6.2.

Table 6.2 Major Motor and Sensory Ganglia Related to Cranial Nerves
Ganglion

Nerve

Function

Motor: Parasympathetic Postganglionic Neurons
Ciliary

III

Parasympathetic (VE)

Pterygopalatine

VII

Parasympathetic (VE)

Submandibular

VII

Parasympathetic (VE)

Otic

IX

Parasympathetic (VE)

Sensory: Unipolar or Bipolar Neurons
Semilunar or gasserian (Trigeminal)

V

General Sensory

Geniculate

VII

General Sensory and Special Sensory: Taste

Superior and Inferior

IX and X

General Sensory and Taste

Spiral

VIII

Special Sensory: Auditory

Vestibular

VIII

Special Sensory: Balance and Equilibrium
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* Intortion vs Extorsion

Use letter “H”:

• Superior rectus and superior
oblique muscles intort eye
• Inferior rectus and inferior
oblique extort the eye

• Adduct eye to test the obliques
• Abduct eye to test the recti

Elevation

(Inferior oblique and superior rectus)

sion
or
xt

E

Superior rectus m.
(CN III)

*

Intor
sio
n

Abduction

Inferior oblique m.
(CN III)

Adduction

Lateral rectus m.
(CN VI)

Medial rectus m.
(CN III)

Inferior rectus m.
(CN III)

Superior oblique m.
(CN IV)

Depression

(superior oblique and Inferior rectus)

Right Eye:

Movements and clinical
testing of ocular muscles
FIGURE 6.5 Clinical Testing and Movements of Eye Muscles
Figure 6.5 illustrates the primary actions of the six extraocular muscles. Note the
organization of the muscles in the diagram demonstrates the clinical testing of the
muscles and not to show their pure anatomical actions.
Note the following nerve-muscle relationships:
1.

Oculomotor (III) nerve innervates the muscles responsible for adduction (medial
rectus muscle), all of elevation (inferior oblique and superior rectus muscles), and
part of depression (inferior rectus muscle) of the eye.

2. Abducens (VI) nerve innervates the muscle responsible for abduction (lateral rectus
muscle) of the eye.
3. Trochlear (IV) nerve innervates the muscle that functions in part of depression
(superior oblique muscle) of the eye.
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External Strabismus

• Oculomotor (III) lesion
• Eye moves down and out
at rest by unopposed IV
and VI.

FIGURE 6.6 External Strabismus External Strabismus

• Oculomotor (III) lesion

The left eye in Figure 6.6 demonstrates the characteristics of an
oculomotor
(III)and out
• Eye
moves down
Internal
Strabismus
nerve palsy:
at rest by
unopposed IV
1.

• Abducens
(VI) lesion
and VI.

The eyelid is shut and the individual is not able to elevate the
eye.
Notice
the
• Eye
moves
medially
at rest by unopposed III
physician’s finger has elevated the eyelid.

2. At rest, the pupil is pulled into an “down and out” position (external or lateral
strabismus) by the intact tone of the lateral rectus and superior oblique muscles.
3. The left pupil is dilated wide-open and fixed by the unopposed sympathetic fibers
that dilate the eye.

Internal Strabismus

• Abducens (VI) lesion
• Eye moves medially
at rest by unopposed III

FIGURE 6.7 Internal Strabismus
The left eye in Figure 6.7 demonstrates the characteristic of an abducens (VI) nerve lesion:
1.

At rest, the eye is pulled medially (internal or medial strabismus) by the pull of the
unopposed medial rectus muscle innervated by the oculomotor nerve.

Summary of cranial nerve functions:
1.

CN I, II and VIIl are pure special sensory input nerves.

2. CN III, IV and VI are the ocular nerves that control eye movement and constriction of
the pupil.
3. CN III, IV, VI, XI, and XII are pure motor.
4. CN V, VII, IX, and X are mixed nerves.
5. CN III, VII, IX, and X distribute parasympathetic fibers.
10
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The Parasympathetic nuclei of the brainstem are summaries in Table 6.3.

Table 6.3 Organization of Parasympathetic Nuclei of Brainstem

Nuclei:
Preganglionics

Location

Project to ganglia:
Postganglionics

Function

1. Edinger-Wesphal

Rostral, medial
midbrain

Ciliary

Constrictor pupillae muscle
ciliary muscle

2. Superior salivatory

Dorsal, medial
caudal pons

1. Pterygopalatine
2. Submandibular

Lacrimal gland
submandibular and
sublingual glands

3. Inferior salivatory

Dorsal, medial
rostral medulla

Otic

Parotid gland

4. Dorsal motor
nucleus of X

Dorsal, medial
rostral medulla

Terminal ganglia of
thorax, foregut, midgut

Smooth muscles and
glands of thorax, foregut, midgut
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Guidelines for Self-Study of Cross Sections

The following two sets of brainstem cross sections (motor and sensory sets) will provide
the basic foundations to (1) allow you to be able to quickly identify the level (medullary,
pontine, or midbrain) of a cross section and (2) to identify and locate the major motor
and sensory nuclei, circuits and long tract systems. Within each level of the brainstem.
Again, it is important to not focus on complex details.
Note the following suggestions to help guide your study:
1.

Each set of motor and sensory cross sections follows a consistent order beginning
inferiorly with the lower (caudal) medulla and proceeding cranially up the brainstem
to the midbrain.

2. At the beginning of each set of cross sections, there is a table listing the major
motor or sensory nuclei with an indication of the ones you will be identifying. For
simplification and to help with your organization, each cross section level is on a single
page. Each page shows a schematic image of the level at the top and a stained
section of that level at the bottom of the page.
3. The text at the top of each page provides two important points to consider for
that level.
a. First, at the top of the page there is a list of several important structural features
for that level that you can use to easily and quickly recognize and identify the level
of the section.
b. Secondly, at the top is a list of the important, motor or sensory nuclei that you
need to identify for that level. It is important that you only specifically identify those
listed nuclei at the top of the page. You should recognize their lateral or medial
location within the section. There are not many of them to identify.

c. You will see there are a variety of other labels on the sections that are there
for reference and completeness. Some of them will be correlated to other
parts of the notes later in the chapter. The presence of these labels do not
imply that are you identify all of these structures. For example, some of
these labels identify a few of the long tracts, and they will be specifically
identified later in the notes.
4. The third set of cross sections reviews the position of the three major long tracts
that were reviewed in the spinal cord chapter (corticospinal, dorsal columnmedial lemniscus, and spinothalamic tracts). The medial longitudinal fasciculus
(MLF) tract is also illustrated . Each of these are color coded on page 27.
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The cranial nerve motor and sensory nuclei have an orderly arrangement within the
brainstem. Identifying the location of nuclei (level and lateral or medial) and the position
of the major long tract systems in the brainstem will be useful in localizing a brainstem
lesion. The study of brainstem cross sections provide an effective method of Identifying
the location of clinically relevant nuclei.
•
•

Cranial nerve motor nuclei are located either medially or laterally in the brainstem.
Sensory nuclei of cranial nerves generally are located laterally in the brainstem.

The four basic steps in studying cross sections are listed:
1.

First, identify a few physical characteristics that will allow you to identify the level of
the brainstem.

2. Second, note the lateral versus medial location of the major nuclei at each level.
3. Third, note the positions of the major long tracts in the brainstem.
4. The first set of cross sections will identify the important motor nuclei (colored in
green), and then the second set of cross sections will identify a few sensory nuclei
(colored in red). Finally, we will look at the position of the major long tracts in the
brainstem. Remember to keep this simple and do not focus on complex details. The
purpose of these exercises is to identify (1) the level and (2) the medial versus lateral
locations of these principal nuclei. For analyzing neurological lesions, note that the
position of motor nuclei will be most important.
The major cranial nerve motor nuclei in brainstem are summarized in Table 6.4.

Table 6.4: Major Motor Nuclei of the Cranial Nerves in Brainstem
Cranial Nerve

Motor Nuclei

Level

Position

Oculomotor (III)

1. Motor nucleus of III (LMN)*
Edinger-Westphal
(Preganglionic parasympathetic)

Rostral midbrain

Medial

Trochear (IV)

Motor nucleus of IV

Caudal midbrain

Medial

Trigeminal (V)

2. Motor nucleus of V (LMN)

Mid pons

Lateral

Abducens (VI)

3. Motor nucleus VI (LMN) *

Caudal pons

Medial

Facial (VII)

4. Motor nucleus of VII (LMN)*

Caudal pons

Lateral

Glossopharyngeal (IX)

5. Ambiguus (LMN)*

Rostral medulla

Lateral

Vagus (X)

Ambiguus (LMN)
Dorsal motor nucleus of X
(Preganglionic parasympathetic)*

Rostral medulla

Lateral

(Spinal) Accessory (XI)

Motor nuclei of XI (LMN)

-

-

Hypoglossal (XII)

6. Motor nucleus of XII (LMN)*

Rostral medulla

Medial

* Nuclei to note location on cross sections
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Upper (Rostral) Medulla

Identification features:
1.

Inferior olivary nucleus

2. Pyramids
3. Inferior cerebellar peduncle
LMN Nuclei:
1.

XII (medial)

2. Ambiguus (lateral)
Visceral Nuclei:
1.

Dorsal motor nucleus of CN X
(Preganglionic parasympathetic)
Dorsal motor nucleus of X

Dorsal

Fourth ventricle
Motor nucleus of XII

(Preganglionic parasympathetic)

Solitary nucleus
Inferior cerebellar peduncle
Spinothalamic tract &
descending hypothalamic tract

Nucleus ambiguus (IX and X)
(Pharynx, larynx, soft palate)

Inferior olivary nucleus

Medial lemniscus
Corticospinal tract
(pyramids)

XII

LMN nuclei in green.

Ventral

Fourth ventricle
Inferior cerebellar peduncle
Nucleus ambiguus
Medial lemniscus
Pyramid (CST)

Hypoglossal nucleus (XII)
Solitary nucleus and tract
Dorsal motor nucleus of X
Spinothalamic tract and
descending hypothalamic tract
Inferior olivary nucleus
Fibers of CN XII

FIGURE 6.8 Nuclei of Upper Medulla
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Lower (Caudal) Pons
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Identification features:
1.

Convex basilar surface

2. Transverse pontine fibers
3. Middle cerebellar peduncle
4. Absence of the inferior olivary nucleus or cerebral peduncle
LMN Nuclei:
1.

VI (medial)

2. VII (lateral)

Fourth ventricle

Motor nucleus VI
Middle cerebellar peduncle

Spinothalamic tract

Solitary nucleus
VII

VII

Motor nucleus VII
Medial lemniscus
VI

VI

Corticobulbar and
corticospinal tracts
LMN nuclei in green.

Fourth ventricle
Motor nucleus of VI
Solitary nucleus

Fibers of CN VII

Middle cerebellar peduncle

Motor nucleus of VII

Medial lemniscus
Pontocerebellar fibers
Corticospinal, corticobulbar,and
corticopontine tracts

FIGURE 6.9 Nuclei of Lower Pons
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Mid-Rostral Pons

Identification features:
1.

Convex basilar surface

2. Transverse pontine fibers
3. Middle cerebellar peduncle
4. Absence of the inferior olivary nucleus or cerebral peduncle
LMN Nuclei:
1.

Motor nucleus of V (lateral)

Fourth ventricle
Motor nucleus of V
Middle cerebellar
peduncle

Main Sensory Nucleus V
(General Sensation)
Medial leminscus

Medial lemniscus

Mandibular nerve
(Arch 1)
Pontocerebellar
fibers

Corticospinal and
corticobulbar tracts
LMN nuclei in green.

Fourth ventricle
Motor nucleus of CN V
(arch I muscles)
Middle cerebellar peduncle
Medial lemniscus
Mandibular nerve
Corticospinal,
corticobulbar, and
corticopontine fibers

Pontocerebellar fibers

FIGURE 6.10 Nuclei of Mid-Pons
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Identification features:
1.

Cerebral peduncle

2. Tectum
3. Cerebral aqueduct
4. Substantia nigra
LMN Nuclei :
1.

III (medial)

Visceral Nuclei:
1.

Edinger-Westphal (III)
(Preganglionic parasympathetic)
Cerebral aqueduct
Tectum
Edinger-Westphal nucleus
Medial lemniscus
Substantia nigra
Corticospinal fibers
Corticobulbar fibers

Periaqueduct gray
Superior colliculus
Motor nucleus of CN III
Spinothalamic tract
Red nucleus
Cerebral peduncle
Fibers of CN III
LMN nuclei in green.

Superior colliculus
Motor nucleus of III and
Edinger - Westphal nucleus

Cerebral aqueduct
Spinothalamic
tract

Red nucleus

Medial lemniscus

Substantia nigra
Corticospinal tract

Cerebral peduncle

Corticobulbar tract

Fibers of CN III

FIGURE 6.11 Nuclei of Rostral Midbrain

Clinical Application
1. Loss of blood supply to CN III results in initial damage to central motor fibers.
2. Compression of CN III results in initial damage to the peripheral parasympathetic fibers.
17
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Review of the location of the major LMN nuclei in brainstem is illustrated in Figure 6.12
and summarized in Table 6.5.

Table 6.5: Review of Location of LMN Nuclei with Blood Supply* in the Brainstem

Brainstem Level

Medial Nuclei

Lateral Nuclei

Midbrain

Motor nucleus III (PCA)

None

Mid pons

None

Motor nucleus V (SCA)

Lower pons

Motor nucleus VI (paramedian arteries)

Motor nucleus VII (AICA)

Upper medulla

Motor nucleus XII (ASA)

Ambiguus nucleus IX, X (PICA)

NOTE: Tongue and mandible deviate to side of LMN lesion; Uvula away from side of LMN lesion.
* Blood supply to brainstem described later in chapter.
Abbreviations: ASA-anterior spinal artery; PICA-posterior inferior cerebellar artery; AICA-anterior
inferior cerebellar artery; SCA-superior cerebellar artery; PCA-posterior cerebral artery

Ambiguus

VII

XII

VI

Rostral upper medulla

Caudal lower pons

III

Mandibular
nerve (V)

Mid-pons

Rostral upper midbrain

FIGURE 6.12 Lower Motor Neuron Nuclei of Brainstem
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Trigeminal Nerve Nuclear System

The peripheral distribution of the trigeminal nerve is formed by three major divisions:
ophthalmic, maxillary, and mandibular nerves. These three divisions provide the
majority of the general somatic sensory innervations (touch, vibration, pain, temperature
and proprioception) for the head. The mandibular division of the trigeminal nerve also
provides motor innervation to the skeletal muscles derived from the 1st pharyngeal arch.
Review the functions of the trigeminal nerve in the cranial nerve table.
The trigeminal nuclear system of the brainstem forms a continuous and uninterrupted
nuclear column that courses from the lower (caudal) pons superiorly to the midbrain. For
descriptive and functional purposes, the chain is subdivided into four nuclei, one motor
and three general sensory as reviewed below. Except for proprioception, the general
sensory neuronal cell bodies of the trigeminal nerve are found in the peripheral trigeminal
(semilunar) sensory ganglion located at the convergence of the ophthalmic, maxillary,
and mandibular nerves. The ganglion and trunk of the trigeminal nerve are attached to
the lateral, mid-pontine level of the brainstem. The proprioceptive neuronal cell bodies
are located in the mesencephalic nucleus within the rostral brainstem. Note, all four of the
trigeminal nuclei are located laterally in the brainstem.
Note that the sensory circuits provided by the sensory nuclei (main sensory nucleus and
spinal nucleus of V) represent a typical sensory pathway composed of three neurons
coursing between the receptors and the somatosensory cortex of the parietal lobe. The
first neuronal cell bodies are the primary afferent neurons located in the trigeminal
ganglion, and second neuronal cell bodies are located in the two nuclei. The secondorder axons from the nuclei cross and ascend to the third neuronal cell bodies in the VPM
nucleus of the contralateral thalamus. The VPM nucleus sends the third-order neurons to
the somatic sensory cortex of the parietal lobe.
The four trigeminal nuclei are the:
1.

Mesencephalic nucleus. This nucleus courses primarily in the midbrain and functions
in proprioception. It houses the cell bodies of the 1a unipolar neurons of the muscle
spindles within the muscles of mastication. The sensory 1a input from the muscle
spindles course via the mandibular nerve into the CNS. The mesencephalic nucleus
represents the sensory side of the jaw jerk reflex. Note the location of these 1a
neurons in the CNS represent the exception to the rule that unipolar neuron cell
bodies are located within sensory ganglia of the PNS. Typically, these sensory cell
bodies should be in the trigeminal ganglion.

2. Main (or principal) sensory nucleus of V. This nucleus is located in the mid-pontine
level. The circuits of this nucleus function in the distribution of the general sensory
modalities (touch, etc) on the head except for pain/temperature and proprioception.
These cell bodies are found in the trigeminal ganglion. Note the main sensory nucleus
of V is the equivalent of the dorsal column tract in the spinal cord.

3. Spinal trigeminal nucleus of V. This is the longest of the trigeminal nuclei, extending
from the lower pons inferiorly to the lower (caudal) medulla. This nucleus continues
into the cervical spinal cord where it merges with the posterior horn of the gray
matter. The circuits of this nucleus function primarily in the distribution of pain and
temperature on the head. This nuclear system is the equivalent of the spinothalamic
tract in the spinal cord.
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4. Motor nucleus of V. This nucleus is located at the mid-pontine level adjacent and
medial to the main sensory nucleus of V. This nucleus contains the LMN alpha neurons
that distribute peripherally with the mandibular division to the muscles of mastication
and other skeletal muscles that develop from the first pharyngeal arch which are all
innervated by the mandibular nerve.
The trigeminal brainstem nuclei and pathways are illustrated in Figure 6.13:

Ophthalmic
division

Maxillary
division

Ventral posteromedial nucleus
of thalamus (VPM)

Mandibular
division

(Taste; General Sensation)

Ventral trigeminothalamic
tract
Sensory functions
Proprioception

Dorsal trigeminothalamic tract

1. Mesencephalic nucleus of CN V
(midbrain - proprioception)
Jaw-Jerk reflex

Proprioception
Touch/pressure
Touch

4. Motor nucleus of V
(Mid Pons)

}

V1, V2, V3

Pain/temperature
Motor fibers of V3
Trigeminal ganglion

2. Main sensory nucleus of CN V
(mid pons – touch)

Pain/Temp
Touch, etc.
Pain & Temperature
Muscle spindle 1A
Motor

3. Spinal nucleus and
tract of V
(lower pons / medulla pain / temperature)

FIGURE 6.13 Trigeminal Nuclei of Brainstem
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The jaw jerk reflex is the most readily available example of a deep stretch reflex that can
be demonstrated in the head.
1.

Sensory Limb. Tapping on the chin stretches the muscle spindles within the
muscles of mastication and activates 1a fibers of unipolar neurons that course
through the mandibular nerve to the mesencephalic nucleus located in the
midbrain and upper pons. The cell bodies of these unipolar 1a fibers are found in the
mesencephalic nucleus.

2. Motor Limb. Fibers of the neurons from the mesencephalic nucleus project inferiorly
to the motor nucleus of V (LMN) located in the lateral mid-pons. The LMN neuron
fibers of the motor nucleus of V project through the mandibular nerve to the
muscles of mastication resulting in the jaw Jerk reflex.

Major Cranial Nerve Sensory Nuclei
Table 6.6: Major Sensory Nuclei of the Cranial Nerves in Brainstem
Cranial Nerve

Sensory Nuclei

Trigeminal nerve (V)

Mesencephalic nucleus: Jaw-jerk reflex
Spinal nucleus and tract: Pain and temperature
Main (principle) nucleus: General sensation)

Facial (VII)

Solitary nucleus: (visceral sensory)*

Vestibulocochlear (VIII)

Multiple cochlear and vestibular
nuclei: (auditory and balance)*

Glossopharyngeus (IX)

Solitary nucleus: (visceral sensory)*

Vagus (X)

Solitary nucleus: (visceral sensory) *
* Nuclei to note location on cross sections
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Lower (Caudal) Medulla

Identification features:
1.

Pyramids (ventral)

2. Dorsal column nuclei (dorsal)
Sensory Nuclei (Lateral):
1.

Spinal nucleus and tract of V (P/T) (lateral)
Nucleus gracilis
Nucleus cuneatus

Spinal tract and nucleus V
Spinothalamic tract
(pain and temperature)

Internal acrcuate fibers

Decussation of pyramids

Corticospinal tract
(pyramids)

Sensory nuclei in red

Nucleus gracilis
Nucleus cuneatus

Spinal nucleus and tract of V
(pain and temperature)

Decussation of dorsal columns
(internal arcuate fibers)

Pyramid

Lower Medulla at Decussation of Dorsal Columns
Nucleus gracilis
Nucleus cuneatus

Spinal nucleus and tract of V
Spinothalamic tract and
descending hypothalamic tracts

Decussation of pyramids

Lower Medulla at Pyramidal Decussation
FIGURE 6.14 Nuclei in Lower Medulla
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Upper (Rastral) Medulla
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Sensory Nuclei (Lateral):
1.

Spinal nucleus and tract of V (P/T)

2. Vestibular and cochlear nuclei (VIII)
3. Solitary nucleus

Fourth ventricle

Dorsal motor nucleus of X
(preganglionic parasympathetic)

Vestibular / cochlear
nuclei

Solitary nucleus
(Taste, gag and cough reflex;
carotid body and sinus)

Inferior cerebellar peduncle
Spinal nucleus and tract of V
(pain and temperature)

Spinothalamic tract &
descending hypothalamic tract

Nucleus ambiguus

Medial lemniscus

Inferior olivary nucleus

Corticospinal tract
(pyramids)

Sensory nuclei in red

Fourth ventricle
Hypoglossal nucleus (XII)

Vestibular nuclei

Solitary nucleus and tract

Inferior cerebellar peduncle

Dorsal motor nucleus of X

Nucleus ambiguus

Spinal nucleus and tract
of V— Pain/temperature

Medial lemniscus

Spinothalamic tract
and descending
hypothalamic tract

Pyramid (CST)

Inferior olivary nucleus
Fibers of CN XII

FIGURE 6.15 Nuclei in Upper Medulla

ANA_17_5.4C-2_V
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Lower (Caudal) Pons

Sensory Nuclei (Lateral) :
1.

Spinal nucleus and tract of V

2. Vestibular and cochlear nuclei (VIII)
3. Solitary nucleus

Fourth ventricle
Superior cerebellar
peduncle
Vestibular / cochlear
nuclei

Spinal nucleus
and Tract V

Solitary nucleus
and tract
VII

VII

Pontocerebellar
fibers

Trapezoid body

VI

VI

Corticobulbar and
corticospinal tracts

Sensory nuclei in red

Motor nucleus of VI
Fourth ventricle

Spinal nucleus/tract of V
Fibers of CN VII

Solitary nucleus

Spinothalamic and descending
hypothalamic tract

Middle cerebellar peduncle
Medial lemniscus

Motor nucleus of VII

Corticospinal,
corticobulbar tracts

Pontocerebellar fibers

FIGURE 6.16 Nuclei in Lower Pons
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Sensory Nuclei (Lateral) :
1.

Main (principal) nucleus of V (touch, etc)

Fourth ventricle
Motor nucleus V
Middle cerebellar peduncle

Main Sensory Nucleus V
(General Sensation)

Spinothalmic
and descending
hypothalamic tracts

Medial leminscus

Medial lemniscus
Mandibular nerve (Arch 1)
Corticospinal and
corticobulbar tracts

Pontocerebellar fibers

Sensory nuclei in red

Motor nucleus of CN V
(arch I muscles)

Fourth ventricle

Main (principal) sensory
nucleus of V—Touch

Middle cerebellar peduncle

Spinothalamic and
descending
hypothalamic tracts

Medial lemniscus

Pontocerebellar fibers

Corticospinal, corticobulbar
tracts

FIGURE 6.17 Nuclei in Mid-Pons
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Midbrain (Rostral)

Sensory Nuclei (Lateral) :
1.

Mesencephalic nucleus of V (proprioception)

Cerebral aqueduct

Periaqueductal gray

Superior colliculus

Tectum

Mesencephalic nucleus
of V-jaw jerk

Edinger-Westphal nucleus

Motor nucleus of CN III

Medial lemniscus

Spinothalamic tracts
Red nucleus

Substantia nigra
Corticospinal fibers

Cerebral peduncle

Corticobulbar fibers

Fibers of CN III

Sensory nuclei in red

Superior colliculus

Cerebral aqueduct
Mesencephalic nucleus
of V— Proprioception

Motor nucleus of III and
Edinger - Westphal nucleus
Red nucleus

Spinothalamic tract
Medial lemniscus

Substantia nigra
Corticospinal tract

Cerebral peduncle

Corticobulbar tract

Fibers of CN III

FIGURE 6.18 Nuclei in Rostral Midbrain
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Major Long tracts in the brainstem

Note that there are a number of long tracts that course through the brainstem.
The major ones are listed and described below (Fig. 6.14).
1.

Corticospinal tract: Located ventral and medial through most of the brainstem.

2. Medial lemniscus: Medial in lower two thirds of the brainstem and moves laterally
in midbrain whare it joins with spinothalamic tract.
3. Spinothalamic tract: Located laterally throughout the brainstem. It travels together
with the descending hypothalamic tract (Horner syndrome).
4. Medial longitudinal fasciculus (MLF): Located medial and dorsal.
Medial longitudinal
fasciculus (MLF)

Spinothalamic
and descending
hypothalamic
tract

MLF
Spinothalamic and
descending
hypothalamic tract
Inferior olivary
nucleus

Medial
lemniscus

Corticospinal tract
(pyramids)

Medial
lemniscus

Inferior olivary
nucleus
(Pyramid corticospinal tract)

Upper medulla

MLF

Spinothalamic & descending
hypothalamic tracts

MLF

Medial
lemniscus

VII

VII

Spinothalamic
and descending
hypothalamic
tracts

VII

Medial lemniscus
VI
VI
Corticobulbar and
corticospinal tracts

Corticobulbar and
corticospinal tracts

Pons

Tectum

MLF

Cerebral aqueduct
Medial lemniscus

VI

Medial lemniscus

Spinothalamic and
trigeminothalamic
tracts

Spinothalamic
tracts
Substantia nigra

Corticospinal
fibers

Corticospinal fibers
Corticobulbar fibers

Corticobulbar
fibers
MLF

Cerebral peduncle

CN III

Cerebral
peduncle

Midbrain
FIGURE 6.19 Major Long Tract in Brainstem
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Primary long tracts in brainstem
Ascending

Descending

Medial lemniscus

Corticospinal tract

Spinothalamic tract

Corticonuclear tract

Trigeminothalamic tract

Corticopontine tract

Lateral lemniscus

Medial longitudinal fasciculus

Medial longitudinal fasciculus

Lateral vestibulospinal tract

Reticular Formation
The reticular formation is the central, midline core of nuclei that courses through the
tegmentum of the brainstem. The upper reticular nuclei in the midbrain and upper pons
function in the regulation of alertness, arousal, sleep, and the level of consciousness. The
inferior reticular nuclei in the lower pons and the medulla function with cranial nerve
nuclei and the spinal cord to provide critical motor reflex and autonomic circuits dealing
with respiratory and cardiovascular functions.

Some of the major reticular nuclei are listed below:
1.

Locus ceruleus (blue spot). This nucleus consists of pigmented cells located in the
floor of the fourth ventricle of the pons. These cells secrete norepinephrine which
is distributed to the cortex and most areas of the CNS. They are involved with the
modulation of arousal, attention, and regulating the sleep cycle.

2. Raphe nuclei. The raphe nuclei from a midline column of cells that extend the entire
brainstem from the medulla rostrally to the midbrain. These cells secrete serotonin
which is distributed to most areas of the CNS. Serotonin functions in maintaining the
levels of arousal, mood, and eye movement. It also in involved with pain modulation
and breathing.
3. Periaqueductal gray. These cells from a collection of nuclei that surround the cerebral
aqueduct of the midbrain. These cells send projections caudally to the dorsal horn of
the spinal cord for the modulation of pain.

Introduction to Model of Brainstem Lesions: Crossed Signs
The model of brainstem lesions is fully discussed at end of chapter, below is an outline of
this model.
1.

Long tract lesions rostral to the lower medulla result in deficits that are contralateral
and below in the trunk and limbs. Exception, Horner syndrome always presents deficits
that are ipsilateral

2. Lesions of cranial nerve nuclei and their pathways result in deficits that are observed
on the ipsilateral side of the head.
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Upper motor neurons (UMN) via the corticobulbar (corticonuclear) tracts provide
activation to the LMN motor nuclei of the brainstem. The corticobulbar UMN originate in
the head region of the motor cortex (areas 4 and 6) similar to corticospinal tract. The
corticobulbar upper motor neuron axons descend medial to the corticospinal tract.
The corticobulbar fibers pass through the genu of the internal capsule and through the
cerebral peduncle of the midbrain. These UMN generally terminate bilaterally on most of
the LMN of the cranial nerve motor nuclei at various levels of the brainstem.
Therefore, it is Important to note that many LMN brainstem nuclei receive bilateral
corticobulbar UMN input. In a few LMN cranial nerves, there is some predominance to the
contralateral side (XII). Thus, most of the LMN nuclei on one side of the brainstem receive
dual input from the ipsilateral and contralateral corticobulbar UMN. Note this is a different
pattern than what was seen with corticospinal UMN that descended and terminated on
contralateral LMN in ventral horn of the spinal cord.
The brainstem motor nuclei that receive bilateral corticobulbar input are listed below.
Note that the oculomotor, trochlear, and abducens LMN nuclei are not in this list because
they do not receive significant direct innervation from corticobulbar fibers. Control of eye
movement is found in different areas of the brain (described later).
1.

Motor nucleus of V located in the lateral mid-upper pons and projects to muscles
of mastication

2. Nucleus ambiguus of IX and X located in the lateral upper medulla and projects to
muscles of larynx, pharynx, and soft palate.
3. Motor nucleus of VII located in the lateral lower pons and projects to muscles of
facial expression: Receives only partial bilateral supply.
4. Motor nucleus of XII located in the medial upper medulla and projects to muscles
of the tongue. Note that the tongue often receives predominantly contralateral
innervation.
5. Motor nuclei of CN XI located in the upper cervical cord segments and projects to
sternocleidomastoid and trapezius muscles.
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Comparisons of the corticospinal and corticobulbar pathway are illustrated in
Figure 6.20.
Corticobulbar tract (UMN)

(bilateral to most brainstem LMN)

Corticospinal tract (UMN)
(contralateral to spinal
cord LMN)
UMN

Precentral gyrus:
Motor cortex (4, 6)

UMN
Cerebral
cortex

Internal Capsule:
Posterior limb/genu
Lower motor neurons of
cranial nerves (most LMN of
brainstem receive bilateral
UMN except VII – partial)

LMN

Brainstem
Decussation

Caudal medulla
Lateral
corticospinal
tract

Spinal cord
Spinal cord
Ventral horn

LMN

Lower motor neuron of spinal
cord receives contralateral UMN

FIGURE 6.20 Corticospinal and Corticobulbar Tract
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Motor Nucleus of VII Receives Partial UMN Corticobulbar
Innervation

As noted above the motor nucleus of VII receives partial bilateral UMN innervation (Fig. 6.21).
1.

The motor nucleus of VII is divided into two sets of LMN, one set supplying the
muscles of the upper face at the eyes and forehead, and one set supplying the
muscles of the lower face around the mouth.

2. The LMN of the motor nucleus of VII to the lower face muscles are innervated only
by contralateral UMN , but the LMN of VII to the upper face muscles are innervated
by bilateral UMN fibers.

The relationship of the corticobulbar fibers to CN VII is shown in Figure 6.21.
Motor Cortex
(areas 4 + 6)

Corticobulbar
UMN

R

L

Corticobulbar
fibers
Upper face
(Bilateral UMN)

Motor nucleus of VII
(lateral lower pons)

Lower face
(Contralateral UMN)

R

L

FIGURE 6.21 Relationship of CN VII To Corticobulbar Tract
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Three patterns of lesions of CN VII

Because of the partial bilateral innervation of the motor nucleus of VII, there are several
classic, clinical lesions of CN VII (Fig. 6.22) at three different positions: supranuclear,
nuclear (brainstem), and peripheral.
1.

Supranuclear : A unilateral lesion of corticobulbar fibers above the rostral midbrain
results in contralateral lower face weakness. The eyes blink normally because they
receive bilateral UMN innervation.

2. Nuclear (brainstem) : A lesion of the motor nucleus of VII in the lateral lower pons
results in ipsilateral total face muscle weakness.*
3. Peripheral : A lesion of the peripheral course of the LMN fibers of VII also results in
ipsilateral total face muscle weakness.*
*With a brainstem nuclear lesion of VII there will be additional cranial nerve deficits but
with the peripheral lesion of VII all other cranial nerves will test normal.

Supranuclear Lesion

Nuclear Lesion

Peripheral Lesion

UMN lesion of
corticobulbar tract*

(stroke or internal capsule)

Eyes close
normally
Contralateral
lower facial
muscle spastic
weakness

Brainstem LMN
Nuclear lesion
of VII

Peripheral LMN
lesion of VII

NOTE:
With multiple
cranial nerve
lesions

NOTE:
With no other
cranial nerve
lesions

Ipsilateral total
facial flaccid
paralysis

(i.e. Bell palsy)

Ipsilateral total
facial flaccid
paralysis

*NOTE: UMN lesion of corticobulbar tract reverses direction of deviation of uvula, tongue & mandible from that of a
LMN lesion in brainstem.

FIGURE 6.22 Lesions of CN VII
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Cranial Nerve VIII: Auditory and Vestibular Functions

The auditory and vestibular systems process different sensory functions, but they both
utilize receptors and circuits within the organization of the ear structure. Both systems are
initiated by mechanical stimuli resulting in the deflection of hair cells within the inner ear
that produces electrical firing in the CN VIII.
The divisions and the major structures of the ear are illustrated in Figure 6.23.
Air Filled
External

Fluid Filled
Middle Ear

Inner Ear

Malleus
Incus
Stapes

Vestibular apparatus
Vestibulocochlear
nerve
Cochlea

Oval window
Tympanic
membrane

Eustachian
tube

Auditory canal

FIGURE 6.23 Structure of Ear
1.

The external ear is formed by the pinna, external auditory canal, and the tympanic
membrane. The external ear collects and funnels sound vibrations to the tympanic
membrane. The vibrations of the tympanic membrane are transmitted to the ossicles
of the middle ear.

2. The middle ear (tympanic cavity) is an air-filled space containing the three bony
ossicles (malleus, incus, and stapes). Their unique articulations amplify the vibrations
of the tympanic membrane to the stapes at the oval window (located on the medial
wall of the middle ear). The movements of the stapes at the oval window initiates the
circulation of fluid in the inner ear.
Note : There are two skeletal muscles (tensor tympani and stapedius) in the middle
ear that dampen the sound waves and serve protective functions by preventing the
transmission of loud sounds from the middle to the inner ear that would damage the hair
cells of the inner ear. The tensor tympani is innervated by the mandibular nerve and is
attached to the tympanic membrane. The stapedius muscle is innervated by CN VII and
is the stronger of the two. A lesion of the CN VII results in weakness of the stapedius and
hyperacusis (increased sensitivity to loud sounds).
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3. The inner ear (cochlea and vestibular apparatus) is embedded in the petrous part of
the temporal bone and consists of two fluid-filled spaces: osseous and membranous
labyrinths (Fig. 6.24).
a. The osseous labyrinth is formed by the bony canals (semicircular canals, scala
vestibuli, and scala tympani) within the temporal bone that circulates perilymph
fluid.
b. The membranous labyrinth of the inner ear consists of a vestibular portion
(utricle, saccule, and semicircular ducts) and auditory portion (cochlea). The
membranous labyrinth circulates endolymph and is more significant because
it contains the sensory receptors for sound and balance. The hair cells of the
receptors are bathed and deflected by the movement of endolymph. Endolymph
has the electrolyte balance of intracellular fluid: high concentration of potassium
ions and a low concentration of sodium ions. This electrolyte balance is critical for
proper function of the receptor cells.
The details of the structure of the inner ear is shown below.
Semicircular ducts
(endolymph)

Semicircular canals
(perilymph)

Utricle

(endolymph)

Ampulla

Saccule

(endolymph)

Malleus

Scala vestibuli
(perilymph)

Incus

Scala media
(endolymph)

Tympanic
membrane

Scala tympani
(perilymph)

Eustachian
tube

Stapes
Oval
window
Vestibule

= Membranous Labyrinth:
Endolymph( Na+ K+)

Round
window

=

FIGURE 6.24 Inner Ear
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The cochlea is located in the anterior part of the inner ear and provides auditory
functions by the transduction of sound waves into electrical signals.. The cochlea is
snail-shaped and is formed by two and one-half coils. It is composed of three circular
compartments: scala vestibuli, scala tympani, and scala media (cochlear duct). The
scala media is important because it contains endolymph and the sensory receptors of
the organ of Corti (Fig. 6.25).

Note : In normal hearing, sound transmission through the ear is provided by both air and
bone conduction, with air transmission being greater than bone transmission in normal
hearing.
1.

The scala vestibuli and scala tympani are structures of the osseous labyrinth
containing perilymph. The scala media comprises the membranous labyrinth and
circulates endolymph and contains the organ of Corti. Vibrations of the stapes at
the oval window initiates the circulation of perilymph and endolymph fluids.

2. The organ of Corti rests on a connective tissue basilar membrane which is put in
motion by the movement of the fluids. The hair cells of the organ of Corti come in
contact with the tectorial membrane where mechanical energy is converted into
electrical firing through CN VIII.
Note: The hair cells at the base of the cochlea map high pitch sounds, and the hair cells
at the apex of the cochlea map low pitch sounds.

Scala vestibuli

(perilymph)

Cochlear duct (scala media)
(endolymph)

Cochlear nerve

Tectorial membrane
Organ of Corti

Spiral (cochlear) ganglion

Basilar membrane

Scala tympani

(perilymph)

Cross Section of Cochlea

B

A

Apex (A) for low pitch
Base (B) for high pitch
Loss of hair cells at base is prebycusis

FIGURE 6.25 Cochlea
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Clinical Application

Prebycusis is the most common hearing loss in the elderly. It is due to the loss of hair
cells at the base of the basilar membrane and results in loss of high-pitch sounds.

2. A schwannoma is a benign peripheral tumor of CN VIII. The tumor arises from the
Schwann cells of CN VIII and occurs at the cerebellopontine angle. As the tumor
increases in size over time it can compress the peripheral courses of adjacent
cranial nerves (VII and V) resulting in dysfunction of these two nerves : facial muscle
weakness and sensory deficits on the face on the side of the lesion.
a. Patients present with significant sensorineural hearing loss on side of lesion along
with tinnitus, vertigo, and balance disturbances. Later in time, lesion signs for V and
VII will develop.
b. Note there are no long tract signs indicating that this is a peripheral nerve lesion
rather than a central brainstem lesion.

Auditory Pathways
The auditory pathway (Fig. 6.26) is not the typical three neuron sensory pathway found
in most sensory systems, but consists of multiple neurons that bilaterally ascend the
brainstem to the auditory cortex of each temporal lobes. This results in each ear sending
sound information to both sides of the auditory cortex in the upper temporal lobe.
1.

The sensory ganglion for sound of CN VIII is the spiral ganglion (located in the
bony cochlea). Central fibers of the bipolar cells of the spiral ganglion enter the
brainstem at the junction of the lateral lower pons and the upper medulla via CN
VIII and synapse first on the cochlear nuclei.

2. The central fibers from the spiral ganglion synapse on second order neurons in
several cochlear nuclei located in the lateral lower pons and lateral upper medulla.
Fibers from the cochlear nucleus ascend ipsilaterally and contralaterally in the
brainstem. The contralateral fibers decussate in the trapezoid body (mid-pons).
3. On each side, the auditory fibers ascend above the trapezoid body to the superior
olivary nuclei (a sound directional center). Then through a lateral brainstem tract
called the lateral lemniscus to reach the inferior colliculus of the tectum on the
dorsal midbrain.
4. On each side, the inferior colliculi fibers project to the medial geniculate nucleus of
the thalamus. The thalamic fibers course through the internal capsule to reach the
auditory cortex (Areas 41 and 42) in the superior gyrus (of Heschl )of the temporal
lobe. It is important to remember that sound from each ear projects bilaterally to
the auditory cortex.
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The basic circuity of the auditory pathway is illustrated in Figure 6.26
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Sound projects bilaterally
to auditory cortex
Cerebral
cortex

Cerebral
cortex

7. Temporal lobe
primary auditory
cortex (41, 42)

6. Medial geniculate
body (Thalamus)

Thalamus

5. Inferior colliculus
(Tectum of midbrain)

Lesion B

4. Lateral lemniscus
(Pon)
3. Superior olivary
nucleus (sound
Brainstem
directional center)
Lesion A

VIII

VIII

1. Cochlear nucleus
(20 neurons)

2. Trapezoid body
(Decussations)

Left

Cochlea

Right

FIGURE 6.26 Auditory Pathways and Lesions of CN VIII: Dorsal View
Caudal to cranial pathway of principle auditory circuit pathways :
1.

Cochlear nucleus

2. Trapezoid body (decussation site at mid pons)
3. Superior olivary nucleus (sound directional center)
4. Lateral lemniscus
5. Inferior colliculus (tectum)
6. Medial geniculate body (thalamus)
7. Auditory cortex (upper temporal lobe gyrus)
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Clinical Application

Clinical disorders of hearing are classified into two types :
A. Conductive hearing loss is a defect in sound transmission within the external or
middle ear. More serious conductive hearing loss involves pathology of the middle
ear (middle ear infections or sclerosis of the ossicles-otosclerosis).
•

Note that in conductive hearing loss, bone conduction is greater than air
conduction.

B. Sensorineural hearing loss results from any pathology (loud sounds, infections,
drugs, presbycusis) that involves the cochlea in the temporal bone, CN VIII, or any
of the central pathways in the CNS shown in the figure above including the cortex.
Drugs, rubella infections, and loud noises all contribute to sensorineural hearing
deafness.
•

Note that air conduction is greater than bone conduction with sensorineural
hearing loss.

There are two different lesion scenarios of sensorineural hearing loss that produce
different neurological events :
1.

Lesions below the trapezoid body (Lesion A in Fig. 6.26) : Lesions involving the
cochlea, CN VIII, or the cochlear nuclei will result in ipsilateral deafness. Tinnitus is
common with cochlear disorders.

2. Lesions above the trapezoid body (Lesion B in Fig. 6.26): Lesions above the trapezoid
body including the cortex will produce minimal bilateral reduction of hearing but
substantial impairment of the ability to localize sound direction.

Table 6.7: Weber and Rinne Tests for Hearing Loss
Test

Method

Normal
Hearing

Conductive
Hearing Loss

Sensorineural
Hearing Loss

Weber

Tuning fork
on top of skull

Equal sound
in both ears

On diseased side sound
is louder: Due to
environmental sound being
masked on affected side

Sound stronger on the normal
ear than the affected ear

In diseased ear no
sound heard after bone
conduction ends

Sound continues to be heard on
affected ear after bone conduction
ends but will be louder on affected
ear than when tuning fork placed
on bone

Rinne
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The circuits of the vestibular pathways provide for :
a. The maintenance of balance, posture, and equilibrium.
b. The vestibulo-ocular reflex (VOR) provides control of reflex eye movement allowing
the eyes to be fixed on an object while the head is turning.
These vestibular functions utilize structures of the vestibular apparatus located in
the posterior part of the inner ear, including the nuclei and pathways within the CNS.
Connections with the cerebellum (flocculonodular lobe) and with proprioceptive
functions of the gracilis dorsal column also contribute to balance and eye movements.

Receptors of the Vestibular Pathways
The receptors for vestibular functions are located in the utricle, saccule, and
semicircular ducts which are parts of the membranous labyrinth.
1.

The sensory receptors of the utricle and saccule are found in the macula of these
two areas. These receptors respond to linear and vertical movements and the pull
of gravitational force.

2. The sensory receptors of the semicircular ducts are located in the ampulla of
the three semicircular ducts. These respond to angular or circular (spinning)
movements of the head and body. The three ducts are oriented in the inner ear in
the three planes of space: anterior, posterior, and horizontal.

Nuclei of the Vestibular Pathways
The vestibular brainstem nuclei are formed by bilateral groups of four vestibular nuclei
located in the lateral upper medulla and lateral lower pontine regions of the brainstem.
These vestibular nuclei have connections with CN VIII, the cerebellum, and with the ocular
cranial nerves via the medial longitudinal fasciculus (MLF).

Overview of Vestibular Pathways (Fig. 6.27)

The sensory ganglion of CN VIII is the vestibular ganglion located in the posterior aspect
of the petrous part of the temporal bone. The bipolar fibers of the vestibular ganglion
travel with CN VIII which is attached to the lateral border of the brain stem at the junction
of the medulla and pons (pontomedullary junction). These fibers synapse in the vestibular
nuclei located in the lateral brain stem.
1.

The ability to maintain balance and posture is provided by the connections from the
utricle and saccule via CN VIII to the vestibular nuclei in the lateral brainstem. The
UMN of the vestibular nuclei form a lateral vestibulospinal tract that descends in
the anterior white matter of the spinal cord. These fibers terminate on the LMN in the
ventral horn of antigravity muscles (of trunk and thigh). These connections form reflex
circuits that are active in the maintenance of balance.
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2. The vestibular circuits for the vestibulo-ocular reflex (VOR) control conjugate eye
movements during head turning. The VOR allow the eyes to keep a fixed gaze on
an object as the head turns back and forth. Note that when the head turns in one
direction, both eyes move horizontally in the opposite direction to maintain a fixed
gaze on an object. This pathway uses the lateral rectus muscle for abduction and
the medial rectus muscle for adduction of the eyes. This circuit can be tested in a
conscious or an unconscious patient (doll’s eye movement). The VOR circuits have a
sensory and a motor component.
a. Sensory Limb: The primary afferent fibers originate from the macular hair cells of
the semicircular ducts. These fibers project via CN VIII to the lateral brainstem and
terminate on the vestibular nuclei. Note that the side of vestibular firing is on the
side of direction of head turning. The vestibular neuronal projections ascend the
ipsilateral brain stem in the medial longitudinal fasciculus (MLF) to the ipsilateral
oculomotor nucleus. Other vestibular interneurons cross the midline to the
contralateral abducens nucleus.
b. Motor Limb: The motor component is formed by the LMN of the oculomotor and
abducens motor nuclei which control the actions of the medial rectus and the
lateral rectus muscles, respectively. Contraction of the medial rectus will result in
adduction of the eye, and contraction of the lateral rectus will result in abduction
of the eye, resulting in both eyes moving in an opposite direction of head turning.
Note: Testing of the VOR is clinically important in comatosed patients.
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The pathways for balance and the VOR are shown in Figure 6.27.
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FIGURE 6.27 Vestibular Circuits: Dorsal View
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Clinical Application

Lateral brain stem lesions that damage the vestibular nuclei and pathways result in
vertigo, vomiting, dizziness, and vestibular nystagmus.
Pathological horizontal vestibular nystagmus (note information in the previous
figure) is an involuntary movement of the eyes that presents with two phases:

1.

a. The slow phase is a slow drift of the eyes to the side of brainstem lesion.
b. The fast phase is a rapid jerk of the eyes away from the side of lesion. Neurology
classifies the direction of nystagmus by the directions of the fast phase.
2. Vertigo is the illusory feeling of spinning and falling that usually results in disturbance
of balance with vomiting, tinnitus, and nystagmus. Vertigo can result from a peripheral
lesion at the semicircular ducts or a rare central lesion of the vestibular nuclei or
central pathways. Vertigo is more severe with peripheral lesions.
3. Caloric Test
The caloric test or COWS test can be used to demonstrate normal vestibular function
in the conscious or unconscious patient. Warm or cold water is irrigated into the
external auditory meatus stimulating the movement of endolymph in the semicircular
ducts.
a. Cold water (30°c) results in fast phase of eye movement to the opposite side from
where water was irrigated: Cold opposite.
b. Warm water (40°c) results in fast phase of eye movement to the same side where
water was irrigated: Warm same.

Clinical Application
1.

Absence of the slow phase of eye movement suggests a brainstem lesion.

2. Absence of the fast phase of eye movement suggests a cortex lesion.
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Circuits for voluntary, conjugate horizontal gaze (Fig. 6.28) provide the mechanisms
for horizontal movement of the eyes when looking to the right or left. Horizontal gaze
involves the innervation of the lateral rectus (CN VI) producing abduction of one eye
and the medial rectus (CN III) producing adduction of the other eye in order to provide
conjugate, parallel movement of both eyes to the right or left. For example, to look to the
right with both eyes as shown in the diagram, the right eye is abducted by the lateral
rectus muscle, and the left eye is adducted by the medial rectus muscle. The medial
longitudinal fasciculus (MLF) connects the ocular nuclei so that there is conjugate gaze
with both eyes.
The neural pathways (1-4) and lesions (A-D) of the horizontal gaze circuits are shown in
the figure below.
Gaze to the Right

Left

Oculomotor nerve
(LMN)

Right

D) Lesion in right CN VI:
Right eye cannot abduct

Left medial rectus Right lateral rectus
(adducts)
(abducts)

Abducens nerve
(LMN)

A) Lesion in left frontal eye field:
Neither eye can look right

Oculomotor
nucleus

1. Left frontal eye field

(Area 8: Contralateral gaze)

2. Paramedian pontine reticular
formation (PPRF)
(ipsilateral brainstem gaze center)
4. Medial longitudinal
fasciculus (MLF)

B) Lesion in right PPRF or
abducens nucleus: Neither
eye can look right; weakness
of facial muscles on right face

C) Lesion in left MLF: Internuclear
ophthalmoplegia (INO) – left eye
cannot look right; convergence is
intact; right eye has nystagmus

3. Abducens nucleus

Clinical Application:
The side of the MLF lesion in
internuclear opthalmoplegia
is on the same side as the non
adducting eye.

Attempted gaze to right

Right horizontal gaze

B.

A.
Left frontal eye field;
bilateral paralysis of
gaze to right,
no tactical weakness

C.

Right horizontal gaze center
PPRFor abducens nucleus;
bilateral paralysis of gaze
to right, with complete
facial weakness on right

Left medial longitudinal
fasciculus; convergence
intact, left internuclear
ophthalmoplegia (INO);
nystagmus of abducting eye

D.
Right abducens nerve;
abductor paralysis in right eye

FIGURE 6.28 Horizontal Gaze
43

6

Neuroanatomy

Overview of Horizontal Gaze Circuits
1.

The cortical control center for contralateral horizontal gaze is formed by the frontal
eye fields (area 8) located anterior to the primary and premoter cortex (areas 4 and
6) in the frontal lobe. The frontal eye fields produce contralateral movement of the
eyes to the opposite direction.

2. The axons from the frontal eye field neurons descend through the internal capsule to
reach the brainstem. Within the brainstem, these axons decussate across the midline
to reach the neurons of the contralateral paramedian pontine reticular formation
(PPRF). The PPRF is considered as a brainstem ipsilateral control center of horizontal
gaze.
3. The PPRF short interneurons project to the adjacent abducens nucleus located in the
medial lower pons. The abducens nucleus has two sets of neurons.
a. One set of lower motor neurons that provide the innervation to the ipsilateral
lateral rectus muscle resulting in abduction of the eye.
b. A second set of Interneurons decussates across the midline and ascends the
contralateral medial longitudinal fasciculus (MLF). The fibers of the MLF reach the
oculomotor nucleus of the medial midbrain. The oculomotor lower motor neurons
innervate the medial rectus resulting in adduction of the eye.
4. In this example, stimulation of the left frontal eye fields results in horizontal, parallel
gaze of the eyes to the right. Note that the MLF circuitry is involved in innervating the
ipsilateral adducting eye (medial rectus).

Volitional Vertical Gaze Control
The control center for volitional vertical movements of both eyes is located at the upper
ends of each MLF adjacent to both sides of the pineal gland in an area referred to as the
rostral intersitial nucleus. Lesions such as Parinaud’s syndrome (pineal gland tumor)
can compress this area and result in weakness of eyes looking upward. At rest, both eyes
droop down (referred to as “sunset eyes”).
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Brainstem lesions often result from cerebrovascular disorders (strokes) resulting in major
life-threating brainstem infarctions in the patient. Therefore, it is critical to understand the
brainstem blood supply in order to predict the clinical picture when there is loss of the
blood supply to different areas of the brainstem.
It is clinically important to note that the six vessels supplying the brainstem provide
blood supply to specific areas as reviewed below where the important six cranial nerve
LMN nuclei are located.
The blood supply to the brain and brainstem is provided by an anterior and posterior
circulation, respectively. The anterior circulation in described in the chapter on cerebral
cortex.

Posterior Circulation
The blood supply to the brainstem is provided by the posterior vestibulobasilar
circulation formed by the paired vertebral arteries and the single basilar artery
(Fig. 6.29 and 6.30).
a. The paired vertebral arteries arise from the subclavian arteries in the base of the
neck. The two vertebral arteries ascend through the transverse foramina of cervical
vertebrae C6-C2 and pass through the foramen magnum to enter the posterior
cranial fossa. The paired vessels course on the ventral surface of the medulla
superiorly to the pontomedullary junction where they join to form the single basilar
artery.
b. The basilar artery ascends the ventral, midline surface of the pons and divides into
the paired posterior cerebral arteries at the junction of the pons with the midbrain.
The six primary paired branches of the vertebral and the basilar arteries are listed:
Vertebral Artery

A.
1.

Anterior spinal artery (ASA) to medial upper medulla

2. Posterior inferior cerebellar artery (PICA) to lateral upper medulla
B. Basilar Artery
3. Anterior inferior cerebellar artery (AICA) to lateral lower pons
4. Paramedian branches to medial pons
5. Superior cerebellar artery (SCA) to lateral upper pons
6. Posterior cerebral artery (PCA) to midbrain
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Figure 6.29 below illustrates the posterior circulation supply to the brainstem.

Anterior communicating artery
Optic chasm

Anterior cerebral artery

Internal carotid artery
Middle cerebral artery

Lenticulostriate arteries

Posterior communicating
artery
Posterior cerebral artery (PCA)
to midbrain: motor nucleus of III

Superior cerebellar artery
to lateral mid pons:
motor nucleus of V
Paramedian to medial
pons: motor nucleus of VI

Basilar artery

Anterior inferior
cerebellar artery (AICA) to
lateral lower pons:
motor nucleus of VII

Anterior spinal artery
to medial medulla:
motor nuclear of XII
Posterior inferior
cerebellar artery (PICA)
to lateralmedulla:
ambiguus nucleus

Posterior spinal artery
(to dorsal brainstem)

Vertebral artery

FIGURE 6.29 Blood Supply of Brainstem
Below is an angiogram of the posterior circulation.

FIGURE 6.30 Posterior Circulation: Angiogram
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Clinical Strategies for Localizing Brainstem Lesions
Lesions and syndromes of the brainstem often result from vascular strokes and
interruption of the posterior circulation. Brainstem lesions usually will damage one or
more cranial nerve nuclei.
Identifying the LMN cranial nerve motor damage in the brainstem is very useful to
localize the level of the lesion. Review this pattern below.
1.

Lesions of the motor nucleus of CN III are localized to the medial, ventral midbrain.

2. Lesions of the motor nucleus of V are localized to the lateral mid-upper pons.
3. Lesions of the motor nucleus of VI are localized to the medial lower pons.
4. Lesions of the CN VII motor nucleus are localized to the lateral lower pons.
5. Lesions of the motor nucleus of XII are localized to the medial upper medulla.
6. Lesions of the nucleus ambiguus (CN IX and X) will localize the lesion to the lateral
upper medulla.

Model of Brainstem Lesions
Brainstem lesions (Fig. 6.31) present with a very classic set of clinical signs. Neurology
refers to this model or pattern of lesions as crossed (alternating) signs that involve a
combination of long tract signs and cranial nerve signs but with each presenting on
different sides of the body.
1.

Long tract lesions at the level of the upper medulla or above produce contralateral
long tract signs below on the trunk and limbs, except for descending hypothalamic
fibers, which will produce ipsilateral Horner syndrome on the face.

2. Motor or sensory central cranial nerve lesions in the brainstem produce ipsilateral
signs on the face and head.
Brainstem lesion is on this side

Contralateral signs:
• Long Tr acts:
o CST, DC, ST

Ipsilateral signs:
• CN signs
• Horner syndrome

FIGURE 6.31 Model of Brainstem Lesion
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Brainstem Lesion Syndromes

The following represent the more common brainstem lesions. It is critical to note the
location and level of the lesion, the arterial system involved in the stroke, and the resulting
clinical signs and presentations of the patient. Note that all of these are examples of
alternating signs described in the model of brainstem lesions above the lower medulla.
Due to the compact size, brainstem lesion commonly affect multiple nuclei, tracts, and
pathways.

Medial Medullary Syndrome
The ventromedial area of the upper medulla is supplied primarily by the anterior spinal
artery (ASA) which courses on the ventral, midline surface of the medulla. A vascular
accident on one side will result in medial medullary syndrome (Fig. 6.32) characterized
by damage to two medial long tracts and the outflow fibers of the hypoglossal nerve.
Dorsal motor nucleus of X
(preganglionic parasympathetic)
Vestibulocochlear nuclei
Medial longitudinal
fasciculus (MLF)
Spinothalamic tract &
descending hypothalamic tract
Medial
lemniscus
Corticospinal tract
(pyramids)
Fourth ventricle
Vestibular nuclei
Inferior cerebellar peduncle
Nucleus ambiguus
Medial lemniscus
Pyramid (CST)

Fourth ventricle
Solitary nucleus
Inferior cerebellar peduncle
Spinal nucleus and tract of V
(pain and temperature)
Nucleus ambiguus (IX and X)
(Pharynx, larynx, soft palate)
Inferior olivary nucleus
XII
Hypoglossal
nucleus (XII)

Dorsal motor nucleus of X
Solitary nucleus and tract
Medial longitudinal fasciculus
(MLF)
Spinal nucleus and tract of
V— Pain/temperature
Spinothalamic tract and
descending hypothalamic
tract
Inferior olivary nucleus
Fibers of CN XII

FIGURE 6.32 Lesions of Medial Upper Medulla
Structures Damaged: Clinical Signs
Medial Lemniscus

Contralateral loss of touch, vibration, and conscious proprioception below and on the
opposite trunk and upper and lower limbs

Pyramids (CST)

Contralateral spasticity below and on opposite upper and lower limbs

Hypoglossal (XII) fibers

Ipsilateral weakness of muscles of the tongue with deviation of the tongue to the side
of the lesion when protruded
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Occlusion of the posterior inferior cerebellar artery (PICA) will result in lateral medullary
syndrome affecting the lateral upper medulla (Fig. 6.33).
Fourth ventricle

Motor nucleus XII

Dorsal motor nucleus of X
(preganglionic parasympathetic)
Medial longitudinal
fasciculus (MLF)
Medial lemniscus
Inferior olivary nucleus
Corticospinal tract (pyramids)

Vestibulocochlear nuclei

Solitary nucleus

Inferior cerebellar peduncle
Spinal nucleus and tract of V
(pain and temperature)
Spinothalamic tract &
descending hypothalamic tract
Nucleus ambiguus
(Pharynx, larynx, soft palate)

Fourth ventricle

Dorsal motor nucleus of X

Hypoglossal nucleus (XII)

Solitary nucleus and tract

Vestibular nuclei
Inferior cerebellar peduncle
Nucleus ambiguus
Medial lemniscus
Pyramid (CST)

Medial longitudinal fasciculus
(MLF)
Spinal nucleus and tract of
V— Pain/temperature
Spinothalamic tract and
descending hypothalamic tract
Inferior olivary nucleus
Fibers of CN XII

FIGURE 6.33 Lesions of Lateral Upper Medulla
Structures Damaged : Clinical Signs

Inferior Cerebellar Peduncle
Ipsilateral ataxia and loss of limb coordination

Vestibular nuclei
Vertigo, vomiting, dizziness, and nystagmus with fast component to the opposite
side of lesion
Spinal Nucleus and Tract of V
Ipsilateral loss of pain and temperature on side of face

Spinothalamic Tract
Contralateral loss of pain and temperature on opposite limbs and trunk

Descending Hypothalamic Fibers
Ipsilateral Horner syndrome on face (miotic pupil, slight ptosis of eyelid, and dry skin
(anhidrosis)
Solitary Nucleus
Loss of taste on the ipsilateral side of the tongue

Nucleus Ambiguus
Damages the LMN of CN IX and X with severe difficulty in swallowing (dysphasia);
paralysis of the vocal fold (hoarseness and rough voice); Dysarthria; uvula
deviation away from the side of lesion.
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Medial Pontine (lower) Syndrome
Occlusion of the paramedian branches of the basilar artery results in medial pontine
syndrome affecting the ventromedial caudal pons (Fig. 6.34).
Fourth ventricle

MLF

Superior cerebellar
peduncle

Motor nucleus VI
Vestibulocochlear nuclei

Spinal nucleus
and Tract V

Middle cerebellar peduncle
Solitary nucleus
VII

VII

Motor nucleus VII

Medial lemniscus
Corticobulbar and
corticospinal tracts

VI

VI

Motor nucleus of VI
Spinal nucleus/tract of V

Fourth ventricle

Fibers of CN VII

Medial longitudinal
fasciculus
Medial lemniscus

Spinothalamic and
descending hypothalamic
tract

Middle cerebellar
peduncle

Motor nucleus of VII
Transverse
pontocerebellar
fibers

Corticospinal and
corticobulbar tracts

FIGURE 6.34 Lesion of Medial Lower Pons
Structures Damaged : Clinical Signs
Medial Lemniscus

Contralateral loss of touch, vibration, and conscious proprioception below and on
the opposite trunk and limbs

Pyramids (CST)

Contralateral spasticity below on opposite upper and lower limbs

Abducens (VI) fibers

Ipsilateral weakness of the lateral rectus muscle with internal strabismus of the
ipsilateral eye (medial deviation of the eye)
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Occlusion of the anterior inferior cerebellar artery can result in lateral pontine
syndrome of the lateral lower pons (Fig. 6.35). Note the main difference between a lateral
lower pontine syndrome and Wallenberg syndrome is the involvement of different lower
motor neuron lesions, facial versus ambiguus lesion, respectively.
Fourth ventricle

MLF
Motor nucleus VII

Superior cerebellar peduncle
Motor nucleus VI

Ponto cerebellar fibers
Medial lemniscus

Corticobulbar and
corticospinal tracts

Vestibulocochlear nuclei

Spinal nucleus and tract V
VII

VII

Middle cerebellar peduncle
Spinothalamic tract + descending
hypothalamic tract
Solitary nucleus

VI

VI

Fourth ventricle
Medial longitudinal fasciculus
Medial lemniscus
Middle cerebellar peduncle
Corticospinal and
corticobulbar tracts

Motor nucleus of VI
Spinal nucleus/tract of V
Fibers of CN VII
Spinothalamic and descending
hypothalamic tract
Motor nucleus
of VII

Transverse pontocerebellar
fibers

FIGURE 6.35 Lesion of Lateral Lower Pons
Structures Damaged: Clinical Signs

Middle Cerebellar Peduncle: Ipsilateral ataxia and loss of limb coordination
Vestibular nuclei: Vertigo, vomiting, dizziness, and nystagmus with fast component to the
opposite side of lesion
Spinal Nucleus and Tract of V: Ipsilateral loss of pain and temperature on side of face
Spinothalamic Tract : Contralateral loss of pain and temperature on opposite limbs and
trunk
Descending Hypothalamic Fibers: Ipsilateral Horner syndrome on face (miotic pupil,
slight ptosis of eyelid, and dry skinanhidrosis
Solitary Nucleus: Ipsilateral loss of taste on the tongue
Cochlear nucleus: Ipsilateral sensorineural hearing loss
Facial nucleus and Fibers. Facial LMN lesion results in ipsilateral total facial paralysis,
hyperacusis, decreased lacrimation and salivation (dry mouth and dry eye), and loss of
taste on the ipsilateral anterior two-thirds of the tongue
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Lateral Pontine Syndrome (Mid-Rostral Pons)
Occlusion of the superior cerebellar artery can result in a lateral pontine lesion at the
mid-rostral pontine level. At this level of the lateral pons, two significant trigeminal lateral
nuclei are damaged: main sensory nucleus of V and the motor nucleus of V (Fig. 6.36).

Fourth ventricle
Superior cerebellar peduncle
Middle cerebellar peduncle
Spinothalmic and descending
hypothalamic tracts
Medial lemniscus
Ponto cerebellar fibers

Fourth ventricle
Medial longitudinal fasciculus
Middle cerebellar peduncle

Medial lemniscus
Corticospinal and corticobulbar
tracts

MIL
Motor nucleus V
Main Sensory Nucleus V
(General Sensation);
not pain and temparature
Medial leminscus
Mandibular nerve (Arch 1)
Corticospinal and
corticobulbar tracts

Motor nucleus of CN V
(arch I muscles)
Main (principal) sensory nucleus
of V—Touch
Spinothalamic and descending
hypothalamic tracts
Transverse pontocerebellar
fibers

FIGURE 6.36 Lesion of Lateral Mid-Pons

Structures Damaged: Clinical Signs
Motor nucleus of V

Jaw deviates to side of lesion with protrusion

Main (principal) sensory nucleus of V

Ipsilateral loss of touch and vibration on face
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Occlusion of one of the branches of the posterior cerebral artery to the ventromedial
aspect of the rostral midbrain results in Weber syndrome (Fig. 6.37).
Tectum
Edinger-Westphal nucleus
(preganglionic
parasympathetic of III)
MLF

Cerebral aqueduct
Superior colliculus
Mesencephalic nucleus
of V-proprioceptino
Motor nucleus of CN III

Substantia nigra
1. Frontopontine fibers

Spinothalamic and
trigeminothalamic tracts
Medial lemniscus

2. Corticospinal fibers
3. Corticobulbar fibers

Cerebral peduncle

Red nucleus

Fibers of CN III

Periaqueductal gray matter
Superior colliculus
Motor nucleus of III and
Edinger-Westphal nuclei
Red nucleus
Substantia nigra
Corticospinal tract
Corticobulbar tract

Cerebral aqueduct
Mesencephalic
nucleus of
V-proprioception
Spinothalamic tract
Medial longitudinal
fasciculus
Medial lemniscus
Cerebral peduncles
Fibers of CN III

FIGURE 6.37 Lesion of Rostral Midbrain

Structures Damaged : Clinical Signs
Corticospinal Tract (UMN):

Contralateral upper and lower limb spasticity

Corticobulbar Tract (UMN):

Contralateral lower face muscle weakness

Oculomotor Nerve (III) Palsy:

Ipsilateral lateral strabismus, fixed blown pupil, and severe ptosis
53

6

54

Neuroanatomy

Table 6.8: Major Brainstem Vascular Syndromes and Lesions
Brainstem Location

Arterial Supply

1. Medial rostral medulla

Anterior spinal
(or medial branches at vertebral)

2. Lateral rostral medulla

Posterior inferior cerebellar

3. Medial caudal pons

Paramedian

4. Lateral caudal pons

Anterior inferior cerebellar

5. Lateral mid / rostral pons

Superior cerebellar

6. Midbrain

Branches of posterior cerebral
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CEREBELLUM
Objectives
Define the organization and function of the three strips of the
cerebellum and their roles in controlling planned, volitional
movements.
Describe the afferent (mossy and climbing fibers) and efferent
pathways of the cerebellum and how they relate to cerebellar
function.
Identify the neurotransmitters (GABA and glutamate)
of the cerebellum and their role in the circuits of the
cerebellum.
Define the outer cortex of gray matter and the
deeper white matter and describe the cellular
components in the cortex and the deep nuclei in
the white matter.
Understand the roll of Purkinje and granule cells.
Explain why lesions of the cerebellum present
with ipsilateral signs.
Describe the clinical presentation of lateral
hemisphere and vermis lesions.

Cerebellum

CEREBELLUM

7

General Introduction

The cerebellum (little brain) plays a critical role in the smooth execution and planning of
ongoing, volitional movements of skeletal muscles.
1.

The cerebellum receives and integrates massive amounts of sensory information
from most areas of the central nervous system (CNS) including the spinal cord, all
lobes of the cortex, brainstem, and the visual, auditory, and vestibular systems.

2. The cerebellum constantly monitors this sensory input to coordinate and smooth out
planned limb movements, to maintain muscle tone, and to maintain balance and
equilibrium. It is also monitors and corrects any errors of ongoing planned movement.
3. The different afferent inputs to the cerebellum project directly or indirectly to the
Purkinje cells of the cerebellar cortex (gray matter). The axons of the Purkinje cells
then project to the deep cerebellar nuclei located in the white matter. The axons of
the deep nuclei form the efferent, motor output of the cerebellum that relays via the
thalamus to the upper motor neurons (UMN) of the cortex and brainstem, providing
control of movement.
4. The cerebellum has no direct connections with the lower motor neurons (LMN) but
exerts its motor effects via inputs onto upper motor neuron (UMN) systems in the
cortex and brainstem.
5. Cerebellum develops from metencephalon with the pons.
6. Cerebellar lesions result in uncoordinated movements (ataxia) of limbs and eyes,
affects balance disturbances, and reduced muscle tone. However, lesions do not
affect sensory perception or muscle strength.
7. Norepinephrine from the locus ceruleus and serotonin from the raphe nuclei project
to the cerebellum.

Functions of Cerebellum
1.

Pre plans the timing, distance, and force of the skilled limb movements before the
movements begin.

2. Coordinates, smooths out, and fine tunes ongoing movements. It is also involved with
the maintenance of muscle tone.
3. Plays an important role in learning motor skills
4. Compares ongoing movements with the intended, planned movements, and corrects
for any errors of movement.
5. Involved with the maintenance of balance and equilibrium, eye movements, and
muscle tone (flocculonodular lobe).
6. Each hemisphere controls muscles on the same (ipsilateral) side of the body.
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Macroscopic Structure of the Cerebellum

The cerebellum is located in the posterior cranial fossa along with the brainstem. It is
attached via three cerebellar peduncles to the dorsal surface of the brainstem. It forms
the roof of the fourth ventricle.
1.

Surface features: The surface of the cerebellum exhibits many folds called folia
separated by fissures. The folia increase the surface area of the cerebellum similar to
the gyri of the cerebral cortex.

2. Layers: The cortex (gray matter) is the outer layer of the cerebellum containing a
massive density of cells. The underlying white matter forms the deeper layer of the
cerebellum and contains paired sets of deep cerebellar nuclei.
3. Cerebellar Peduncles: Three pairs of cerebellar peduncles containing different
combinations of afferent or efferent fibers connect the cerebellum to the brainstem.
a. The inferior cerebellar peduncles (restiform body) connect the cerebellum to the
upper medulla and contain primarily afferent, input fibers from the upper medulla
and spinal cord to the cerebellum.
b. The middle cerebellar peduncles are the largest and it’s fibers connect the
cerebellum to the contralateral pons. They contain only afferent fibers from the
pons to the cerebellum (pontocerebellar fibers). These fibers to the pons come
from Betz cells of the cerebral cortex (corticopontine fibers). This is the major route
from cortex to cerebellum for motor planning.
c. The superior cerebellar peduncles connect the cerebellum to the midbrain and
contain primarily output or efferent fibers from the cerebellum to the thalamus and
spinal cord.
Organization of cerebellum is shown in Figure 7.1 and described below.
Anterior

Vermis : Control of ongoing axial
and proximal limb muscles
Peravermis: Control of ongoing
distal limb muscles
Primary fissure
Lateral hemisphere :
Motor planning

Posterior

Flocculonodular lobe :
Balance and
eye movement

FIGURE 7.1 Organization of Cerebellum
4. Anatomical Divisions. The cerebellum can be divided into lobes (anterior, posterior,
and flocculonodular lobe) or into vertical strips (vermis, paravermis, and lateral
hemispheres), The latter is the most efficient way to describe the circuits and
functions of the cerebellum (see Table 7.1).
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a. The vermis is the median strip that is involved in the motor control and execution
of ongoing movements of the axial muscles of the trunk and the proximal limb.
The main sensory input to the vermis is derived from the muscle spindles and Golgi
tendon organs of the trunk and limb muscles via the dorsal spinocerebellar and
the cuneocerebellar tracts of the spinal cord.
b. The paravermis (intermediate strip) is involved in motor control and execution
of ongoing movements of the distal limb muscles. The main sensory input to the
paravermis is also via the dorsal spinocerebellar and the cuneocerebellar tracts of
the spinal cord.
c. The two lateral hemispheres form the largest part of the cerebellum and are
involved in the planning of the sequence, distance, force, and timing of voluntary
movements. The lateral hemispheres also are involved in error correction and
learning motor skills. The primary sensory input to the hemispheres is via from two
main sources:
1. The most abundant sensory input to the lateral hemispheres comes from all
areas of the contralateral cortex via a massive number of corticopontine fibers.
These fibers derive primarily from the frontal lobe (frontopontine fibers). The
cortical fibers descend through the anterior part of the internal capsule, the
cerebral peduncle, and the midbrain to reach the pons where they synapse with
pontine nuclei. These nuclei send massive numbers of pontocerebellar axons
that cross the pons horizontally and enter the contralateral middle cerebellar
peduncle to reach the lateral hemispheres.
2. The inferior olivary nucleus of the upper medulla also sends fibers
(olivocerebellar tract) to the contralateral lateral hemisphere. It is suggested
that these projections from the inferior olivary nucleus are utilized in error
correction and learning new motor skills.
d. The flocculonodular lobe projects to the vestibular system of the brainstem. These
fibers function in balance and eye movements.

Table 7.1: General Organization and Functions of the Regions of the Cerebellum
Regions

Functions

Primary Sensory Inputs

Motor Circuits
Affected

Vermis and
paravermis
(Spinocerebellum)

Coordination of ongoing
movements of trunk,
proximal and distal limb
muscles

Dorsal spinocerebellar and
cuneocerebellar tracts of
spinal cord (unconscious
proprioception)

Corticospinal,
vestibulospinal
tract

Lateral hemispheres
(Cerebrocerebellum)

Motor planning for
extremities; Error
correction and motor
learning

Cortex and inferior olivary
nucleus: Corticopontine
and olivocerebellar tracts

Corticospinal
tract

Balance and eye
movement (VOR)

Vestibular apparatus and
CN VIII nuclei

Vestibulospinal
tract

A

B

C

Flocculonodular lobe
(Vestibulocerebellum)
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Cerebellar Afferent Pathways

The afferent inputs to the cerebellum enter primarily through the inferior and middle
peduncles with a few afferents coursing in the superior peduncle. The inputs are classified
as mossy fibers or climbing fibers, based on their histological structure. Both of these
sets of afferent fibers are excitatory, using glutamate as their neurotransmitter and either
directly or indirectly project to Purkinje neurons.
The major afferent fibers to the cerebellum are summarized in Table 7.2.

Table 7.2: Major Cerebellar Afferent Circuits
Tracts and Origin

Target

Function

Peduncle

Directy to purkinje cells of
cerebellar cortex and deep
nuclei

Motor learning;
Error correction

Inferior

1. Cuneocerebellar from
upper limb and upper trunk

First to granule cells and
then to purkinje cells of
vermis and paravermis

Unconscious
proprioception

Inferior

2. Dorsal spinocerebellar
from lower limb and lower
trunk

First to granule cells and
then to purkinje cells of
vermis and paravermis

Unconscious
proprioception

Inferior

3. Corticopontocerebellar
from most parts of the
cerebral cortex via pons

First to granule cells and
then to purkinje cells of
lateral hemisphere

Input for motor
planning

Middle

4. Vestibulocerebellar
from vestiblar nuclei and
apparatus

Purkinje cells of
flocculodular lobe

Balance and eye
movement

Inferior

A. Climbing Fibers

1. Olivocerebellar from
inferior olivary nucleus
B. Mossy Fibers
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Climbing input fibers derive exclusively from the neurons in the contralateral inferior
olivary nucleus (olivocerebellar tracts) of the upper medulla and enter the cerebellum
via the contralateral inferior cerebellar peduncle.
1.

The climbing fibers are the only afferents that synapse directly on the Purkinje cells.

2. A single climbing axon will synapse on only 5-10 Purkinje cells in the cortex. Thus, they
exert a powerful excitatory (glutamate) influence on the Purkinje cells resulting in a
direct, powerful and sustained prolonged action potential spikes.
3. Climbing fibers also provide collaterals that synapse on and are excitatory to the
deep cerebellar nuclei in the white matter.

Mossy Fibers
Mossy input fibers derive from numerous regions of the nervous system including:
a. All areas of the cerebral cortex (corticopontine)
b. Sensory input from vestibular, visual, and auditory systems
c. Brainstem
d. Spinal cord
1.

Mossy axons ascend through the white matter of the cerebellum, enter the cerebellar
cortex, and branch making excitatory synapses (glutamate) with numerous granule
cells in the cerebellar cortex. Examples of mossy fibers are cuneocerebellar, dorsal
spinocerebellar and corticopontine fibers.

2. The granule cell axons ascend to the surface of the cerebellar cortex (molecular
layer) where they turn 90 degrees to form parallel fibers that synapse on the dendritic
trees of numerous Purkinje cells.
3. Mossy fibers have a continuous weak excitatory influence on Purkinje cells.
4. Mossy fibers also provide collateral branches that synapse on and are excitatory to
the deep cerebellar nuclei in the white matter.
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Microscopic Structure of the Cerebellum

The internal structure of the cerebellum is divided into an outer cortex (gray matter) and
an inner layer of white matter. This structure of cerebellum is described and illustrated
below (Fig. 7.2).

A. Cortex

The outer cortical gray matter contains five cell types (Purkinje, granule, Golgi, stellate,
and basket cells). The Purkinje and granule cells are the two major cell types in the
cortex. Granule cells are the only excitatory neuron (glutamate) in the cerebellar cortex.
The other four cortical neurons are inhibitory (GABA). These cells are located within three
layers of the cortex: molecular, Purkinje, and granule cell layers.

Table 7.3 Neurons Of Cerebellar Cortex
Cell

Project To

Neurotransmitter

Purkinje

Deep cerebellar nuclei

Inhibitory (GABA)

Granule

Purkinje cell

Excitatory (glutamate)

Basket

Purkinje cell

Inhibitory (GABA)

Stellate

Purkinje cell

Inhibitory (GABA)

Golgi

Granule cell

Inhibitory (GABA)

+ = Glutamate
- = GABA

Parallel
fiber

Molecular layer

+

+

Purkinje layer

Cortex: gray matter

Purkinje
cell

Granule
cell

Granule cell layer

-

Deep nuclei: Dentate,
Interposed, Fastigial

+
Climbing fiber
(from contralateral inferior
olivary nucleus)

+

Output of
cerebellum

+

White matter
Mossy fiber
(from cortex, spinal cord, vestibular)

+

To UMN of cortex and brainstem

FIGURE 7.2 Histology of Cerebellum
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Granule cell layer. The granule cell layer forms the innermost layer of the cortex. It
contains billions of excitatory (glutamate) granule cells.
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a. The granule cell receives massive numbers of mossy fiber inputs from most areas
of the central nervous system except from the inferior olivary nucleus.
b. The axons of granule cells ascend into the molecular layer where they form
parallel fibers described below.
c. Golgi cells (GABA) are also found in this layer. These cells function as support cells
for the granule cells.
2. Purkinje cell layer. This layer forms the middle layer of the cortex and consists of
millions of large Purkinje cells.
a. The cell bodies of the Purkinje cells are located in this layer, but most of the very
elaborate and highly branched dendritic trees of the Purkinje cells extends up into
the molecular layer.
b. The Purkinje cells receive direct inputs from climbing fibers coming from the
contralateral inferior olivary nucleus.
c. The Purkinje cells also receive indirect input from mossy fibers. Mossy fibers first
synapse on the granule cells in the granule cell layer, and then the granule cell
axons (parallel fibers) synapse on the Purkinje cells in the molecular layer.
d. Purkinje cells are inhibitory (GABA), and their axons are the only ones that project
from the cortex to the ipsilateral deep nuclei in the white matter. Thus, the
excitatory output of the deep nuclei is regulated by the inhibitory output of the
cortical Purkinje axons.
3. Molecular Layer. The molecular layer is the outermost layer of the cortex located
immediately deep to the surface of the cerebellum.
a. The molecular layer consists primarily of the elaborate, branched dendritic trees of
the Purkinje cells.
b. This layer also contains the parallel fibers which are the continuations of the axons
of the granule cells. These axons bifurcate forming t-shaped divisions that run
extended courses deep to and parallel to the folia at the surface of the cerebellum.
c. The parallel fibers pass through the Purkinje cell dendritic trees where collaterals of
the parallel fibers provide excitatory activation (glutamate) to numerous Purkinje
cell dendrites.
d. Two additional types of inhibitory cells (GABA) are found in the molecular
layer: basket and stellate cells. These function as support cells for the
Purkinje neurons.
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B. White matter
The white matter contain two bilateral sets of deep nuclei. From medial to lateral they
are the fastigial nucleus, interposed nuclei (consisting of the globose and emboliform
nuclei), and the dentate nucleus (Fig. 7.3). These nuclei provide the excitatory motor
output of the cerebellum to the upper motor neurons. Excitatory efferents (glutamate)
from the deep nuclei exit primarily via the superior cerebellar peduncle.
1.

These deep nuclei receive input from two main sources:
a. A continuous excitatory drive via the collaterals of climbing and mossy fibers
described earlier.
b. The inhibitory (GABA) projections from the axons of the Purkinje cells to the white
matter that regulate and control the excitatory motor output of the deep nuclei.
c. Thus, deep nuclei receive excitatory and inhibitory inputs. The firing of the deep
nuclei results from the balance between these two types of input on the nuclei.

2. There are specific patterns of projections from the Purkinje cells to the three cerebellar
strips to these deep nuclei as described and illustrated below:
a. Purkinje cells of the flocculonodular lobe and vermis project bilaterally to the
fastigial nucleus. This circuit controls bilateral axial and proximal limb muscles and
is involved in balance and walking.
b. Purkinje cells of the paravermis project to the interposed nuclei and function in
control of distal limb muscles.
c. Purkinje cells of the lateral hemispheres project to the dentate nuclei and are
involved in motor planning, error correction, and motor learning. Firing in this circuit
precedes the initiation of movement by the motor cortex by milliseconds.
3. Collaterals of both the climbing and mossy fibers provide continuous excitatory
activation of the deep nuclei.
Vermis

Dentate nucleus:
Output to VA/VL thalamic
nuclei and the corticospinal
and corticobulbar tracts.

Paravermal or
intermediate zone
Pc

Pc

Pc

Lateral hemisphere

Interposed nuclei:
Output to red nucleus and
Thalamus
Fastigial nucleus:
Output to brainstem and to
the vestibulospinal and
reticulospinal UMN

PC = Purkinje cells

FIGURE 7.3 Nuclei of White Matter
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The excitatory (glutamate) projections of the deep nuclei represent the major motor
output of the cerebellum. These efferent pathways primarily use the superior cerebellar
peduncle to exit the cerebellum. This motor output projects to the UMNs of the
contralateral cortex and brainstem. Deep nuclei have no direct projections to the LMNs.
1.

Of the different patterns of efferent projections from the cerebellum illustrated in
the figure on page 9, one should focus primarily on the pattern of efferents from the
Purkinje cells of the lateral hemispheres to the dentate nucleus as outlined in the flow
chart below.

2. Notice in the flow chart below that the projection of the Purkinje cells to the lateral
hemispheres decussate in the midbrain, relay in the thalamus, and project to the
contralateral upper motor neurons in the motor cortex. Then the UMNs (corticospinal
tract) descend and decussate in the lower medulla to the provide innervation to the
contralateral lower motor neurons (double crossing) of the spinal cord. Because of the
specific arrangement of this circuit, each side of the cerebellum will coordinate and
control ipsilateral limb muscles. Note this is opposite of cerebral cortex and internal
capsule that influence the contralateral side of the body,
Pattern of hemisphere Purkinje axon projection to distal limbs: Ipsilateral control.
1

2

Dentate
nucleus

Purkinje cells
of hemisphere
6

Corticospinal UMN
in motor cortex

3

SCP
7

4

First Decussation
in midbrain

Second Decussation (CST)
in lower medulla

8

5

Contralateral
thalamus (VA, VL)

LMN of contralateral limbs

The cerebellar efferent pathways are summarized in Table 7.4.

Table 7.4: Cerebellar Efferent Pathways
Cerebellar Areas

Deep Nuclei

Outputs to

1. Spinocerebellum
(paravermis)

Interpositus nucleus
(active during movement)

Contralateral red nucleus
reticular formation

2. Pontocerebellum
(Lateral himspheres)

Dentate nucleus
(active before movement
begins)

Contralateral thalamus
(VA, VL) and cortex

Fatstigal nucleus

Bilateral Vestibular nucleus

3. Vestibulocerebellum
(flocculonodular lobe)
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Blood Supply Of The Cerebellum

1.

The paired posterior inferior cerebellar arteries (PICA) are branches of the vertebral
arteries and supply the lateral medulla and the inferior aspect of the cerebellum and
inferior vermis.

2. The paired anterior inferior cerebellar arteries (AICA) are branches of the lower
basilar artery and supply the lower lateral pons and the middle cerebellar peduncle
and the central part of the cerebellum.
3. The paired superior cerebellar arteries (SCA) are branches of the upper basilar artery
and supply the lateral mid and upper pons, the superior cerebellar peduncle, the
upper half of the cerebral hemisphere, deep cerebellar nuclei, and part of the vermis.

Clinical Application

Clinical disorders of the cerebellum are usually divided into lesions of the lateral
hemisphere or lesions of the vermis

Lesions of the lateral hemisphere
Lesions of the right or left lateral hemisphere commonly involve the cortex, deep nuclei
of white matter, and peduncles. These lesions are severe and result in the lack of
coordination of voluntary movements with alteration of reflexes and reduced muscle
tone of the distal limb muscles. These lesions can result from vascular accidents (more
common in the SCA), trauma, degenerative diseases, or tumors.
Note that lesions of the lateral hemispheres occur without paralysis, loss of muscle
strength or loss of sensory functions. Cerebellar deficits present in the ipsilateral limbs
as described above.
The major presenting signs and symptoms of lateral hemisphere lesions are described
below :
1.

Ipsilateral dysfunction.

2. Ataxia. Ataxia (without order) is the loss of coordination of voluntary movements
and is most pronounced in the limbs. Ataxia presents as awkward and clumsy
movements of the limbs. There are disturbances in the timing, range, force, and the
sequence of the limb movements due to the defective planning of movements in the
hemispheres. The normal smooth execution of movement does not occur. In the lower
limb, ataxia results in an uncoordinated gait, and the individual will fall and stumble to
the side of cerebellar lesion when walking.
3. Intention tremor. When an attempt is made to produce planned movements, an
intention tremor develops with the limbs which sway back-and-forth. The intensity
of the tremor increases as the individual tries to reach an object. At rest, there is no
tremor. Intention tremor seen with cerebellar disease is in contrast to the resting
tremor seen in Parkinson’s and other basal ganglia diseases.
10

Cerebellum

7

4. Dysmetria. Lateral hemisphere lesions result in the inability to judge distances and the
inability to stop movements at a target, resulting in overshooting or undershooting
when trying to reach an object. A common test for this is to see if the individual can
touch their nose with the finger of each hand or touch the leg with the opposite foot.
5. Dysdiadochokinesia. This refers to the inability to repeat rapid alternating
movements. Common test for this is to see if the individual can rapidly pronate and
supinate each forearm and the heel to the opposite leg movement in the lower limb.
6. Nausea, vomiting, vertigo, headaches, and cerebellar swelling causing
hydrocephalus are common.
7. Hypotonia and reduced deep tendon reflexes. Widespread decreases in deep tendon
reflexes occur more commonly when deep nuclei are affected. Note that hypotonia
and decreased reflexes resemble LMN lesions.
8. Disorders of eye movement and dysarthria. These usually are present with
flocculonodular lesions. There are disruptions of normal eye movements with
suppression of the vestibulo-ocular reflex (VOR). The normal rhythm of speech is
disrupted, and the individual will break the words into separate syllables (scanning
speech).
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Lesions of the Vermis

The vermal circuits function in the control and coordination of the muscles of the trunk.
Lesions of the vermis affect bilateral trunk muscles and result in disturbances of posture,
balance, and gait. Note that vermal lesions usually do not affect distal limb movements.
Vermal lesions are divided into anterior and posterior vermis lesions.
Anterior vermis syndrome:
Lower trunk and limbs
(gait ataxia) Alcohol abuse

Anterior

Posterior vermis syndrome:
Upper trunk (trunk ataxia)
Cerebellar tumor

Posterior

FIGURE 7.4 Somato Topic Maps of Cerebellum

Anterior Vermis
The anterior vermis (Fig. 7.4) is functionally related to the coordination of the muscles
of the lower trunk and lower limbs. Lesions of the anterior vermis often result from
malnutrition that occurs with long-term alcoholics. There is degeneration of the neurons
of the anterior vermis, and the individual will lose coordination of the lower limbs. They
have a staggering, unstable gait with clumsy lower limb movements that appears as if
they are drunk (gait ataxia).

Posterior Vermis
The posterior vermis (Fig. 7.4) functions in the coordination of the trunk muscles with
lesions resulting in problems with balance and postural instability due to the loss of
coordination of the trunk muscles. Lesions of the posterior vermis are commonly seen
in children with medulloblastomas at the roof of the fourth ventricle. These tumors grow
quickly and cause headache, vomiting, and increased intracranial pressures.
In posterior lesions there is loss of control of the axial muscles of the trunk resulting in
disturbances of equilibrium. This is results in a wide-based gait, swaying-back-and forth
(trunk ataxia), and a tendency to fall over with feet pulled together.
The Romberg test can be used to differentiate between a cerebellar vermis lesion and
a dorsal column lesion of the spinal cord. Because vermis lesions cause a great deal of
instability of the trunk, an individual with a vermis lesion will begin to fall over when the
feet are pulled together with the eyes open (motor ataxia). With a dorsal column lesion,
the individual will fall with the eyes closed (sensory ataxia).
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BASAL GANGLIA

Objectives
Understand the role and function of basal ganglia
circuits in the control of planned, volitional movements.
Describe and locate the major nuclei (caudate,
putamen, globus pallidus, and subthalamus) of
the basal ganglia and know how they relate to
the direct and indirect pathways.
Define the four neurotransmitters used in these
two circuits (glutamate, GABA, dopamine, and
acetylcholine).
Understand how the direct pathway excites
the motor cortex and how the indirect
pathway suppresses the motor cortex.
Describe the major lesions of the direct and
indirect circuits.

Basal Ganglia
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Introduction
Basal ganglia consist of a complex, interconnected network of subcortical nuclei (gray
matter) embedded deep within the cerebral hemispheres, midbrain, and diencephalon.
Like the cerebellum, these circuits play an essential role in the motor control of planned,
volitional movements but with distinctively different functions.
1.

Functions of the basal ganglia (extrapyramidal motor system):
a. Excitation of motor cortex to initiate voluntary movements
b. Suppression of the motor cortex to inhibit motor activity and prevent the
breakthrough of unplanned movements.
c. Provide cognitive and emotional function.

3. Like the cerebellum, the basal ganglia’s role in the control of movement is via the
upper motor neuron (UMN) with no direct connections with the lower motor neurons
(LMN).
4. Basal ganglia require much less sensory information than the cerebellum.
5. The basal ganglia circuitry consist of two loops : direct and indirect pathways
described in the text.
6. The basal ganglia circuits relay through the same thalamic motor nuclei (VA and VL)
as the cerebellum.
7. There are four important neurotransmitters utilized in the basal ganglia circuits:
1. Glutamate
2. GABA
3. Dopamine
4. Acetylcholine
8. Blood flow to most of the basal ganglia is provided by the lenticulostriate branches of
the middle cerebral artery.
9. Movement disorders (dyskinesia) resulting from basal ganglia lesions will be either
hyperkinetic characterized by a breakthrough of uncontrolled involuntary, jerky
movements (Huntington’s disease) or hypokinetic characterized by increased tone
(rigidity), slow movements (akinesia or bradykinsia), and problems initiating planned
movements (Parkinson’s disease).

1
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Nuclei of Basal Ganglia

The basal ganglia circuits include the following five bilateral nuclei embedded deep
within the cerebral hemispheres, midbrain, and diencephalon (Fig. 8.1, 8.2, and 8.3).

A. Cerebral Hemisphere
1.

Striatum. The striatum (neostriatum) consists of two components: caudate and
putamen nuclei. These two nuclei develop together and have similar histology. The
caudate nucleus and the putamen receive the major inputs to the basal ganglia from
the cortex (primarily the sensorimotor cortex) and are referred to as the input center.
The striatal neurons are inhibitory (GABA). The anterior limb of the internal capsule
separates the two nuclei.
a. Caudate nucleus. The caudate nucleus is a comma-shaped structure comprised
of a head, body and tail. The head is the largest part and can be identified
protruding into the lateral aspect of the lateral ventricle and has connections with
the putamen. The tail curves around the corpus callosum and enters the temporal
lobe. The caudate nucleus is mostly involved in cognition.
b. Putamen. The putamen is the large, convex nucleus located just deep to the insular
cortex. The putamen forms the most lateral part of the basal ganglia. The putamen
and the globus pallidus are separated from the caudate nucleus by the fibers of
the anterior limb of the internal capsule. The putamen is mostly involved in motor
control. The putamen and the globus pallidus together form the lenticular nucleus.

3. Globus pallidus. The globus pallidus is a two-part, triangular-shaped nucleus located
just medial to the putamen and lateral to the internal capsule. The two parts of the
globus pallidus are the Internal segment (medial) and the external segment (lateral).
a. Internal segment. The internal segment is the innermost part of the globus pallidus
and is separated from the thalamus by the posterior limb of the internal capsule.
The internal segment is described as the output center characterized by its
inhibitory (GABA) projections to the VA and VL nuclei of the thalamus. The internal
segment is integral to both the direct and indirect circuits (described later).
b. External segment. The external segment is the lateral part of the globus pallidus,
adjacent to the putamen. The external segment forms part of the indirect circuit.
The combination of the caudate nucleus and the lenticular nucleus (putamen and
globus pallidus) form the corpus striatum. Note that the caudate nucleus and thalamus
are located medial to the internal capsule and the putamen and globus pallidus are
located lateral to the internal capsule.
The organization of the terminology used to describe these nuclei of the basal ganglia is
Illustrated below:

Corpus striatum

Striatum

Caudate necleus
Putamen
Globus Pallidus

2

Lenticular nucleus
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B. Midbrain

The substantia nigra is the largest nuclear mass in the midbrain and is located just
dorsal to the cerebral peduncles on each side of the midbrain. It consists of two parts.
The dorsal part is the pars compacta which contains darkly pigmented dopaminergic
neurons. Dopamine is a critical neurotransmitter for striatal function by exciting the
direct pathway and inhibiting the indirect pathway. Thus, dopamine is important in
activating the direct pathway. The ventral part is the pars reticulata which contains cells
similar to the internal globus pallidus (GABA).

C. Diencephalon
The subthalamic nucleus is a large, deeply stained nucleus located just inferior to
the thalamus in the diencephalon. The subthalamic nucleus is separated from the
globus pallidus by the posterior limb of the internal capsule. The subthalamic nucleus
is integrated into the indirect circuit and is excitatory (glutamate) to the internal globus
pallidus.

Radiology of Basal Ganglia
Lateral ventricle
frontal horn

Corpus callosum

Caudate
nucleus
(head)
Putamen

Internal capsule :
Anterior limb

Input
center

Globus pallidus
(external)

Genu

Posterior limb

Globus pallidus
(internal)
Output center

Third ventricle
Thalamus

Lateral ventricle
posterior horn

Right

Left

FIGURE 8.1 Axial Image of Cerebral Cortex at Level of the Basal Ganglia
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Corpus callosum
(genu)
Lateral ventricle
frontal horn

Internal
capsule

Anterior limb
Genu
Posterior limb
Third ventricle

Splenium of
corpus callosum

Caudate nucleus
(head)
Putamen
Globus pallidus
Thalamus
Lateral ventricle
posterior horn

FIGURE 8.2 Axial CT Scan of Cerebral Cortex

Lateral
ventricle

Caudate
nucleus
Putamen

Internal
capsule
Third
ventricle
Subthalamic
nucleus

Thalamus
Globus pallidus,
external segment
Globus pallidus,
internal segment

Mammillary
body

FIGURE 8.3 Frontal Image at the Level of the Diencephalon
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Most afferent inputs to the basal ganglia enter via the striatum (input center: caudate
nucleus and putamen) and are excitatory (glutamate).
1.

The basal ganglia receives input from many areas of the cerebral cortex and the
substantia nigra.
a. The putamen receives inputs from the motor cortex of the frontal lobe and the
somatosensory cortex of the parietal lobe. These circuits are more involved in
motor functions of the basal ganglia.
b. The caudate nucleus receives inputs from cortical association areas (mostly
prefrontal cortex) and limbic areas of the cerebral cortex. These circuits appear to
be more related to emotional and cognitive functions.

2. The striatum also receives essential inputs from the pars compacta part of the
substantia nigra (dopamine).

Intrinsic Circuits of the Basal Ganglia
Knowledge of the excitatory and inhibitory circuits within the basal ganglia pathways
is important in understanding the normal functions of the basal ganglia and also
helps to explain the disorders of movement seen in basal ganglia diseases. The basal
ganglia circuits interconnect the ipsilateral cerebral cortex and the thalamus to control
movement via two complex circuits: the direct pathway and Indirect pathways. All
circuits occur on the ipsilateral side of the hemisphere.
The following is an overview of some of the more critical principles concerning the
direct and indirect pathways of the basal ganglia and are illustrated in Figure 8.4.
1.

Direct pathway. Activity within the direct pathway results in disinhibition of the
thalamus, which allows excitatory thalamic output to the motor cortex resulting in the
initiation of movement.

2. Indirect pathway. Activity within the indirect pathway results in disinhibition of the
subthalamic nucleus which allows subthalamic to excitation of the internal globus
segment and increased inhibition of the thalamus. This increased thalamic inhibition
prevents thalamic activation of the motor neurons in the cerebral motor cortex
resulting in the suppression of movement.
3. The striatum forms the input center, and the internal segment of the globus pallidus
forms the output center.
4. The direct and indirect pathways control movement by influencing the upper motor
neurons in the cortex and brainstem. Basal ganglia circuits do not directly influence
the lower motor neurons.
5. The two circuits utilize four neurotransmitters: glutamate, GABA, dopamine, and
acetylcholine.
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6. Note that all outputs of the striatum and both parts of the globus pallidus are
inhibitory, using GABA as the neurotransmitter. The outputs of the subthalamic
nucleus and thalamus are excitatory, using glutamate as the neurotransmitter.
7. There are two sets of inhibitory neurons (GABA) in the striatum. One group projects
into the direct pathway, and the other group projects into the indirect pathway. Each
set of neurons have different receptors (D1 and D2) with dopamine having opposite
affects on them
8. Both the direct and indirect pathways relay through the VA and VL nuclei of the
thalamus.
9. Cholinergic (acetylcholine) neurons of the striatum have opposite effects than
dopamine by activating the indirect pathway.
10. Both circuits consist of interconnections between nuclei that are confined to the
ipsilateral side of the hemisphere. Thus, a unilateral lesion of the basal ganglia on one
side of the cortex influences ipsilateral UMN that affect contralateral limb muscles.
Note this is different than cerebellar lesions that affect ipsilateral limbs.
11. Both circuits are capable of mediating disinhibition of downstream target neurons.
Disinhibition occurs with three neurons in sequence. It is a type of excitation that
results when the first neuron in the circuit exerts an inhibitory influence on the second
neuron. The inhibition of the second neuron (which is also inhibitory) reduces the
inhibition influence of the second neuron onto the third neuron. This disinhibition
provided by the second neuron allows the third neuron to exert excitatory influence
on downstream targets. Thus, two inhibitory synapses in sequence within a circuit will
result in the excitation of the third neuron.
12. In addition to the motor loop described in this chapter, basal ganglia circuits also play
a role in eye movements, cognitive functions, and emotional functions.
13. Blood supply to the basal ganglia is provided by several sources:
a. Perforating branches of the posterior cerebral and posterior communicating
arteries to the substantia nigra and subthalamic nucleus.
b. Lenticulostriate (lateral striate) branches of the middle cerebral artery to the
striatum.
c. Anterior choroidal branch of the internal carotid artery.
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D2 Receptor: Inbibits indirect pathway
D1 Receptor: Excites direct pathway

Acetylcholine from
Striatum
Activates Indirect
Pathway

Cortex
Glutamate

Striatum

Direct Pathway

(Putamen and Caudate Nucleus)

AB
A

Input Center

G

Excites
Direct at
D1 Receptor

Inhibits
indirect at
D2 Receptor

Substantia Nigra
Dopamine

Inirect Pathway
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Globus Pallidus:
External Segment
GABA

Subthalamic Nucleus
“Disinbibited”
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Internal Segment
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Thalamus: VA/VL
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Supresses Cortex
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Motor Cortex

Motor Cortex

Excitatory (Glutamate)
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FIGURE 8.4 Basal Ganglia Pathways
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A. Direct Pathway
1.

The primary and premotor cortices of the frontal lobe provide the principal excitatory
(glutamate) inputs to the GABA neurons of the striatum (input center). The cortical
input neurons for motor functions project primarily to the putamen.

2. Also projecting to the input center are the dopamine neurons from the pars
compacta of the substantia nigra. Dopamine is a critical neurotransmitter for striatal
function, and regulates the activity of the direct and indirect pathways. Dopamine
binds to the D1 receptors on the striatal cell membranes and activates the GABA
neurons of the direct pathway. Dopamine also binds to the D2 receptors of the
striatum, and suppresses the GABA neurons of the indirect pathway. This double role
of dopamine will open the direct pathway and close the indirect pathway. This double
role of dopamine will favour the direct pathway over the indirect pathway.
3. The inhibitory GABA striatal neurons of the direct pathway project to the internal
segment of the globus pallidus (output center). The neurons (GABA) of the internal
globus pallidus project to and disinhibit the thalamus are in the direct pathway.
4. This inhibition of the internal segment neurons (GABA) projecting to the thalamus (VA
and VL nuclei) results in disinhibition of the thalamus. Thalamic disinhibition allows the
VA and VL thalamic nuclei to be excitatory to the upper motor neurons of the motor
cortex resulting in the initiation of planned movements.

B. Indirect pathway
1.

The principal excitatory (glutamate) inputs to the neurons of the striatum (input
center) project from many areas of the cerebral cortex.

2. At the end of the planned movement, excitatory cholinergic neurons of the striatum
open the indirect pathway by activating the GABA inhibitory neurons of the striatum
that project to the external segment of the globus pallidus.
3. The neurons (GABA) of the external segment project to and inhibit the subthalamic
nucleus. This sequence of two inhibitory neurons results in disinhibition of the
subthalamic nucleus, allowing the subthalamic nucleus to be excitatory (glutamate)
to the internal segment of the globus pallidus.
4. This excitatory (glutamate) output from the subthalamic nucleus to the internal
segment activates the GABA inhibitory neurons of the internal segment to the
thalamus resulting in the inhibition of the VA and VL nuclei of the thalamus.
5. This inhibition of the thalamus prevents excitatory activity from the thalamus to the
motor cortex and suppresses movement.
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Comparisons of Both Pathways:
1.
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Note that the internal segment of the globus pallidus receives inhibitory inputs
from the striatum in the direct pathway and excitatory inputs from the subthalamic
nucleus in the indirect pathway. This regulation of the internal segment then controls
the degree of inhibitory output of the internal segment of the globus pallidus to the
thalamus. Thus, the net balance of excitatory and inhibitory inputs to the internal
globus pallidus determines the effect of basal ganglia on upper motor neurons.
•

Decreased output of internal globus pallidus in the direct pathway disinhibits
the thalamus and results in excitation of motor cortex activity and initiation in
movement.

•

Increased output of internal globus pallidus in the indirect pathway suppresses
the thalamus resulting in inhibition of motor cortex activity. This decreases the
level of cortical activity and suppresses unwanted, break-through movements.

2. Excitation of neurons in the direct pathway results in net excitation of the motor
cortex (initiation of movement).
3. Excitation of the neurons in the indirect pathway results in net inhibition of the motor
cortex (suppression of movement).
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Lesions of Basal Ganglia

Basal ganglia movement disorders resulting from an imbalance between the direct and
indirect pathways are referred to as dyskinesia characterized by abnormal movement.
Symptoms of basal ganglia movement disorders include difficulty initiating movements,
alteration of muscle tone, breakthrough of unplanned movements, and cognitive and
behavioral problems. Most of these movement disorders are expressed bilaterally.
The unplanned movements are divided into either hyperkinetic disorders (random
patterns of jerks or twists) or akinetic or hypokinetic disorders with increased rigidity and
problems initiating movements. Also, there can be a combination of both of these types
of disorders in a patient. Muscle strength and reflexes are basically normal.
Some of the major disorders of basal ganglia disease are discussed below:

Lesions of Direct Pathway: Hypoactive Cortex
Parkinson’s disease

1.

a. Most common of the hypokinetic diseases. Cause is unknown.
b. Results from the degeneration of dopaminergic neurons of the compact part of
the substantia nigra accompanied by an increase of acetylcholine. Treated with
L-dopa and anticholinergic drugs. Loss of dopamine results in faliure to open the
direct pathway and loss of the inhibition of the thalamus.
c. Slow onset, around 45-60 years of age.
Symptoms include:
1.

Pill-rolling resting tremor.

2. Slow movements (bradykinesia and akinesia) and difficulty initiating movement.
3. Lead-pipe or cog-wheel rigidity and increased muscle tone.
4. Stooped posture and shuffling gait.
5. Hypertonia: Masked face and loss of facial expressions.
6. Slow and slurred speech.

Lesions of Indirect Pathway: Hyperactive Cortex
1.

Huntington’s disease
a. Autosomal dominant hereditary disorder (trinucleotide CAG repeating disorder)
involving chromosome 4.
b. Results from an extensive and significant degeneration of the GABA and
acetylcholine striatal neurons (primarily in the caudate nucleus) to the external
segment in the indirect pathway. There is also loss of GABA neurons projecting
from the external segment to the subthalamic nucleus. This will result in loss of
excitation from the subthalamic nucleus to the internal segment and hyperkinetic
movements.
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c. Slow onset: Symptoms appear 30-50 years of age. Death usually follows in about
15-20 years.
Symptoms include:

1. Early symptoms (30-50 years) are subtle onset of hyperkinetic movement disorders
and small changes in cognitive functions that become more evident over time.
2. Chorea movements: Abrupt, jerky, and wild involuntary movements primarily
affecting the limbs, face, and tongue. They often are referred to as dance-like
movements.
3. Athetosis: Slow, serpentine, writhing and twisting movements of the limbs.
4. Personality and mood changes with dementia. There is loss of intellectual
functions, major changes in personality, and loss of ability to take care of their daily
personal needs. They can become very aggressive and with depression.
3. Hemiballismus
a. Violent, swinging, ballistic involuntary movements of limbs only on one side
b. Results from a lesion of the subthalamic nucleus contralateral to the side of
hemiballismus (usually results from a hypertensive stroke: involving a branch of the
posterior cerebral artery).
c. Lesions of the subthalamic nucleus result in a reduction of the inhibitory functions
of the thalamus in the indirect pathway, leading to in increased movements of the
contralateral limb.
4. Additional Disorders
a. Tourette syndrome, Wilson’s disease, Dystonia.
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VISUAL SYSTEM
AND
PATHWAYS
Objectives
Define the basic structure of the eyeball (layers,
chambers, smooth muscles, lens, retina, optic nerve).
Understand the role of the autonomic nervous
system in changing the thickness of the lens and
the size of the pupil.
Explain the circuits and the lesions of the
pupillary light reflex.
Describe the visual pathways from the retina
through the optic nerve, chiasm, tract, lateral
geniculate body, and to the visual cortex of
the occipital lobe.
Understand and describe the types of visual
field defects.

Visual System And Pathways
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Introduction

The visual system is an essential component of our special sensory systems and provides
more sensory information to the brain than any other system. The visual pathway is highly
complex and utilizes 40-50% of the neural circuits in the central nervous system. Visual
circuits connect the retina to the thalamus and to the visual cortex of the occipital lobe.
The clinical aspects of this system are very important because with such length, the
circuit is exposed to lesions at multiple positions by disease events including trauma to
the head, vascular lesions, demyelinating diseases, and tumors.

Structure of the Eyeball
Light passing through the cornea, pupil, lens, and the vitreous humor is received by the
photoreceptors (rods and cones) of the retina. The important structures of the eyeball
are shown in Figure 9.1..
Ciliary body
(forms aqueous humor)

Lens

Vitreous
Humor

Posterior chamber

Suspensory ligaments of lens
Canal of Schlemm
Iris
Anterior chamber
Cornea
(Ophthalmic nerve)
Constrictor pupillae
(parasympathetic III)
ANS

Dilator pupillae
(sympathetic)
Ciliary muscle
(parasympathetic III)

1. Sclera
2. Choroid
(vascular)
3. Retina
Macula lutea
Fovea centralis
(cones only)
Optic nerve (II)
Optic disc
(Blind spot)

FIGURE 9.1 Structures of The Eyeball
The wall of the eyeball is composed of a three concentric layers.
1.

The sclera is the thick, external protective layer that provides shape, structure,
and strength for the eyeball. It is formed by fibrous connective tissue composed
of Type 1 collagen. The outer surface of the sclera provides for attachments of the
extraocular muscles involved in movement of the eye. At the optic disk the sclera
continues as the dura mater covering the optic nerve.

2. The choroid is the middle, pigmented vascular layer that contains capillaries that
provide blood supply to the photoreceptors and other parts of the retina.
3. The retina is the innermost of the three layers of the eyeball. It is composed of
multiple, transparent layers described later in the chapter. The outer layer of
1
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the retina (pigmented epithelial cells) is adjacent to the choroid layer, and the
innermost layer of the retina (ganglion cells) is adjacent to the vitreous humor.

Note: There are two important landmarks on the retina:
a. The optic disk (blind spot of the retina) is formed by the convergence of the ganglionic
cell nerve fibers of the innermost retina where they leave at the posterior pole of the
eyeball to form the optic nerve. The optic nerve contains approximately 100 million
fibers that are heavily myelinated by oligodendrocytes. The optic nerve courses
through and exits the orbit at the superior orbital fissure where it forms the optic
chiasm. The optic nerve is covered along its entire length by the three layers of
meninges. The space between the arachnoid and pial layers (subarachnoid space)
is filled with cerebrospinal fluid (CSF). Any increase of intracranial CSF pressures that
spreads along the optic nerve results in bulging of the nerve at the disk (papilledema).
Note that the retina and the optic nerve are extensions of the diencephalon
(CNS) and are derived from the central nervous system. Thus, they are formed by
neuroectoderm of the neural tube.
b. The macula lutea is the yellow, pigmented area of the retina that is located lateral to
the optic disk. In its center is a thinned-out depression of the retina called the fovea
centralis. The fovea is composed of cones only and is the area of the retina with the
highest visual acuity. The visual axis passes through the center of the lens to the fovea.

Clinical Application :
Age-related macular degeneration is one of the most common causes of loss of vision
in the elderly. The loss of photoreceptors at the macula results in decreased visual acuity,
loss of color vision, and, in advanced stages, near blindness. Macular degeneration results
in loss of central vision.
4. The anterior continuation of the sclera forms the cornea. The cornea is transparent
and with the lens forms the two refractive mechanisms Involved in bending of the
light entering the eyeball. The cornea forms the principal, fixed refractive mechanism
of the eye. The sensory innervation of the cornea is provided by the ophthalmic nerve
which comprises the sensory side of the blink or corneal reflex.
5. The anterior continuation of the choroid layer forms the ciliary body and the iris. The
ciliary body secretes the aqueous humor of the anterior and posterior chambers
and contains the ciliary muscle. The pupil is the opening of the iris that connects the
anterior and posterior chambers. The size of the pupil is regulated by two smooth
muscles (dilator pupillae and constrictor pupillae muscles).
Note that the three muscles of the ciliary body and iris are innervated by the
autonomic nervous system.
a. Dilator pupillae muscle is innervated by sympathetic pathways and is
responsible for increasing the size of pupil. Interruption of this neural pathway
results in one of the signs of Horner syndrome (miotic pupil).
b. Constrictor pupillae muscle is innervated by parasympathetic fibers of the
oculomotor nerve and is responsible for reducing the size of the pupil. A lesion
of this circuit results in a dilated pupil (mydriasis) usually resulting from an
intracranial compression of the oculomotor nerve (uncal herniation).
2
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c. Ciliary muscle is innervated by parasympathetic fibers of the oculomotor nerve.
The ciliary muscle controls the tension on the lens resulting in the change of the
diameter of the lens. These actions are discussed below.
6. The anterior and posterior chambers are found anterior and posterior to the iris,
respectively. They contain and circulate aqueous humor that is secreted by the ciliary
body into the posterior chamber. The aqueous humor circulates under pressure
through the pupil into the anterior chamber where it is drained by the canal of
Schlemm. Any increased pressure within the chambers (blockage of the canal of
Schlemm) results usually in open-angle glaucoma leading to the loss of peripheral
vision.
7. The elastic, biconvex lens is a very important part of visual functions, It along with the
cornea is involved in the refraction of light. Its shape is adjustable due to its elasticity
and by the attachments of the suspensory ligaments to the ciliary body and muscle.
The change in thickness of the lens and the change in the focal length is due to the
actions of the ciliary muscle. Contraction of the ciliary muscle results in a reduction of
tension on the ligaments and allows the lens to thicken and become bioconvex (near
vision or accommodation). Relaxation of the ciliary muscle increases tension on the
ligaments resulting in the lens flattening (far vision).
8. The vitreous humor is a thick, gelatinous material located posterior to the lens and
between the lens and the retina. It contains phagocytic cells that remove debris from
the gelatinous material.
9. The primary blood flow to the intraocular structures is provided by the ophthalmic
artery, a branch of the internal carotid artery just before its bifurcation into the middle
and anterior cerebral arteries. The ophthalmic artery is quickly affected by temporal
arteritis which requires acute steroid treatment to prevent blindness.

3
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Structure of the Retina

The circuity and the primary cell types of the retina are illustrated in the following figure.
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Site of
detached
retina
(Trauma)

Lens

Photoreceptors

Bipolar
cells

Ganglionic
cells

1

2

FIGURE 9.2 Histology of The Retina
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Although the retina is multi-layered, there are four principal cell types in the retina:
pigmented epithelial cells, photoreceptor neurons, bipolar cells, and ganglion cells. All
the layers of the retina are transparent.

9

Light is transmitted through the transparent layers of the retina to first reach the most
external retinal layer, the pigmented epithelial layer.

1.

The pigmented epithelial layer is the most external layer containing melanin
and is responsible for absorbing some of the light before it reflects back to the
photoreceptor cells. It also serves as a route for diffusion of nutrients (vitamin A and
glucose) from the choroid vascular layer.

2. The photoreceptor neurons are the rods and cones. Both rods and cones have inner
and outer segments. The outer segments contain visual pigments that respond
to light and are involved in the transduction of the light image reflected from the
pigmented epithelial layer into action potentials. The inner segments contain the
mitochondria and the nucleus. It is interesting to note that the photoreceptors are
the cells distal to the light source in the retina. They are hyperpolarized by light.
Action potentials are produced at the rods and cones and project to the bipolar cells
(primary neurons).
a. Rods comprise about 90% of the photoreceptors in the retina (95-100 million) and
function in dim light conditions and night vision. They contain the visual pigment
rhodopsin. Vitamin A deficiency leads to loss of rod function and results in night
blindness.
b. Cones comprise the remainder of the photoreceptors of the retina (5 million).
They specialize in bright-light day vision, color vision, and are involved in high
visual acuity. Cones are mostly concentrated in the fovea: They contain the visual
pigment iodopsin. Color blindness involves deficits of cone functions.There are
three different types of cones that respond to red, green, and blue wavelengths.
3. Bipolar cells form the internal nuclear layer and are the first (primary afferent) of the
three neurons in the visual pathway. They synapse on the ganglionic cells.
4. The ganglionic cells form the innermost layer of the retina and are the second neuron
in the visual pathway. The axons of the ganglionic cells concentrate at the optic disk
to form the optic nerve. There are about one million nerve fibers in the optic nerve.
These axons acquire a myelin sheath formed by oligodendricytes as they exit the
optic disk to form the optic nerve.

5
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Visual Pathways and Visual Field Defects
Visual fields
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FIGURE 9.3 Visual Circuits and Visual Field Defects

Clinical Application and Strategies for Visual Pathways
1.

At the lens the image is inverted vertically and horizontally.

2. There is partial decussation (60%) of the nerve fibers at the optic chiasm:

a. The fibers from the nasal retina will decussate to the contralateral thalamus
b. The fibers from the temporal retina do not decussate and course to the ipsilateral
thalamus

3. Rule of L (L=Superior quadrant visual fields): From the thalamus to the visual cortex,
superior quadrant visual fields course laterally from the thalamus through Meyer’s
Loop in the temporal lobe to the lingual gyrus of the visual cortex.

4. All lesions between the chiasm to the cortex are contralateral, homonymous visual
field defects.
6
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Overview of Visual Pathways (Fig. 9.3)
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A thorough understanding of the visual pathways allows one to localize lesions at
different parts of the system.
1.

The optic nerve (ganglionic cell axons) projects from the retina and courses through
the orbit and the superior orbital fissure to reach the optic chiasm.

2. At the optic chiasm there is partial decussation. As discussed above, the temporal
retinal fibers pass through the chiasm without decussating and course through the
ipsilateral optic tract (supplied by the middle cerebral aetwry) to the ipsilateral
lateral geniculate body or nucleus (supplied by the posterior cerebral artery) of
the thalamus. The nasal retinal fibers decussate at the chiasm and course via the
contralateral optic tract to the contralateral lateral geniculate body. This partial
decussation results in all circuits past the chiasm containing crossed and uncrossed
fibers (contralateral, homonymous visual fields).
3. Most of the optic nerve fibers project to the lateral geniculate nucleus of the
thalamus. Less than 10% of the fibers peel off from the optic tract before reaching the
thalamus and project to different areas:
a. Pretectal region for pupillary light circuit (discussed later).
b. Superior colliculus for reflex eye movements.
c. Suprachiasmatic nucleus of the hypothalamus for circadium rhythms.
4. The lateral geniculate nucleus of the thalamus houses the third-order neurons of the
visual circuit. These neurons project through the internal capsule to the primary visual
cortex of the occipital lobe via the optic radiation (geniculocalcarine tract). The optic
radiation is a common location for tumors and vascular accidents in the posterior
part of the hemisphere. The optic radiation courses through the parietal lobe on their
way to the occipital and visual cortex (Area 17).
5. Superior and inferior quadrant fibers exit different routes from the thalamus. Superior
quadrant projections exit laterally from the thalamus through Meyer’s loop in the
temporal lobe and turn posteriorly to join the fibers of the optic radiation. Thus, Meyer’s
loop carries contralateral superior visual field projections. These superior quadrant
fibers terminate into the lingual gyrus of the visual cortex. The inferior quadrant fibers
exit medially from the thalamus directly into the optic radiation and terminate into the
cuneus gyrus of the visual cortex. The lingual and cuneus gyri are separated by the
calcarine fissure.
6. The visual cortex occupies the posterior pole of the occipital lobe. It is divided into an
upper gyrus (cuneus) and a lower gyrus (lingual) by the calcarine fissure. The visual
association cortex is located mostly in the parietal lobe.
7. The macula region of the cortex corresponds to the macula region of the retina. In
the cortex, the macula represents a central area of the visual cortex that overlaps
the cuneus and the lingual gyri on both the right and left visual cortical regions. The
occipital lobe as a whole receives its blood supply from the posterior cerebral artery
(PCA). However, the macula region receives an additional collateral blood supply from
a branch of the middle cerebral artery (MCA). This double blood supply is the basis of
macular sparring seen with loss of blood supply to the occipital lobe and visual cortex.
7
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Summary of Visual Field Defects
A. Lesions proximal to the Optic Chiasm (Monocular and Ipsilateral)
1.

Optic nerve. Lesions (optic neuritis, vascular occlusion, trauma) result in blindness
(anopia) of the ipsilateral eye and loss of the sensory side of the pupillary light reflex.

2. Lateral compression of the optic chiasm. Lesions (internal carotid artery aneurysm)
compress the outer non-decussating of the chiasm and result in ipsilateral nasal
hemianopia.
B. Midline lesions of the optic chiasm (binocular, bitemporal, heteronymous)
1.

Complete midline compression of chiasm (craniopharyngiomas, aneurysms, pituitary
tumors) damages the decussating fibers resulting in bitemporal heteronymous
hemianopia.

C. Lesions between the chiasm and the cortex (binocular, contralateral, homonymous)
1.

Optic tract and optic radiation. Lesions (usually vascular) result in contralateral
homonymous hemianopia. Note an optic tract lesion will also demonstrate abnormal
pupillary light testing. A lesion at the optic radiation will have normal pupillary light
testing.

2. Meyer loop fibers in temporal lobe. Lesions (tumor, loss of middle cerebral artery)
result in contralateral homonymous superior quadrantanopia (pie in the sky).
3. Medial fibers from thalamus. Lesions (vascular) result in contralateral homonymous
inferior quadrantanopia.
D. Visual (calcarine) cortex (contralateral, homonymous, macular sparring)
1.

8

Visual cortex lesions (vascular) result in contralateral homonymous hemianopia
with macular sparring.
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Visual Reflexes
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1. Pupillary Light Reflex
The pupillary light reflex or swinging light test is one of the most commonly tested of
the cranial nerve reflexes in neurology. Shinning a light in either eye results in ipsilateral
(direct) and contralateral (consensual) constriction of the pupils. Light shown in one
eye will course bilaterally at the optic chiasm to the right and left pretectal areas. The
pretectal areas then project bilaterally to the Edinger-Westphal nucleus (preganglionic
parasympathetics) of the midbrain which then projects to the ciliary ganglion
(postganglionic parasympathetics) and to the constrictor pupillae muscle of the iris. As
with other reflexes, there are sensory and motor limbs of the reflex.
Sensory Limb:
a. Light stimulation of the ganglionic cell of axons of the optic nerve.
b. Approximately 5% of the fibers of the optic nerve project bilaterally to the pretectal
areas on the dorsal midbrain. Most of the remaining optic nerve fibers project to
the thalamus.
c. Bilateral fibers project from the pretectal nuclei to the Edinger-Westphal nuclei of
the midbrain.
Motor Limb:
a. Fibers from each Edinger-Westphal nuclei (preganglionic parasympathetics)
project to the ciliary ganglion (postganglionic parasympathetic) in the orbit.
b. Postganglionic fibers from the ciliary ganglion project to the sphincter pupillae
muscles resulting in contraction of both pupils.

9
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The circuits for the pupillary light reflex are shown in the following diagram.
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FIGURE 9.4 Pupillary Light Circuit
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The accommodation reflex includes a series of changes in the refractive power that
occurs when the eyes are directed from a distant object to focusing on a near object.
These changes are mediated by the optic nerve (sensory limb) and the oculomotor
nerve (motor limb).
This circuit is outlined below :
Sensory Limb : Optic nerve.
Motor Limb : Involves three functions of the oculomotor nerve.
1.

Convergence occurs with the contractions of the two medial recti muscles that
adduct both eyes towards the nose to help focus the image onto the retina.

2. Thickening of the lens occurs with contraction of the ciliary muscle (autonomic
innervation). The suspensory ligaments relax allowing the elasticity of the lens to
thicken and change the refractive index.
3. Pupillary constriction occurs with contraction of the constrictor pupillae
(autonomic innervation) muscle that decreases the pupil size.

Clinical Application
Listed below are some of the more common clinical abnormalities of the visual system.

1.

Horner’s Syndrome: Results from a CNS or PNS lesion of the sympathetic pathway
to the head. Clinical signs are ptosis, miosis, and anhydrosis.

2. Internuclear opthalmoplegia: Results from a medial longitudinal fasciculus (MLF)
lesion affecting adduction of the eye during volitional horizonal gaze. The side of
MLF lesion is on the same side as the non-adducting eye with convergence being
intact.
3. Marcus Gunn pupil (afferent pupillary defect): Results from a lesion of the sensory
side (CN II) of the pupillary light reflex. Shining light in the normal eye results in normal
pupil constriction in both eyes, while shinning light in the affected eye results in
paradoxical dilation of pupils in both eyes.
4. Argyll Robertson pupil (light-near dissociation defect): Results from a lesion of
the pretectal region. The pupils will respond during accommodation but will not
respond to light. It often presents with tabes dorsalis, diabetes mellitus, and syphilis.
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Objectives

Describe the four divisions (thalamus, epithalamus,
hypothalamus and subthalamus) of the diencephalon
Understand their functions with clinical lesions.
Name the major nuclei of each of these divisions.
Review the important relationship between the
hypothalamus and the pituitary gland.
Review the role of the subthalamus in the
circuits of the basal ganglia.

Diencephalon
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Introduction

The diencephalon is the posterior aspect of the prosencephalon (forebrain) with
many critical functions. It connects the midbrain with the cerebral hemispheres
(telencephalon) and is often referred to as the “in between” brain. The diencephalon is
comprised of four subdivisions (Fig. 10.1):
1.

Thalamus

2. Hypothalamus
3. Subthalamus
4. Epithalamus (Pineal gland)
These areas underly diverse functions and have connections with many of the sensory,
motor, and limbic pathways. The third ventricle of the ventricular system is located
in the midline between the two thalamic nuclei and separating the two halves of the
diencephalon.

Posterior

Corpus callosu

m

Anterior

Fornix

1 Thalamus
4 Epithalamus
(Pineal gland)
3 Subthalamus
Cerebral aqueduct
Mammillary body

2 Hypothalamus
Midbrain
Optic chiasm
Anterior lobe Pituitary
Posterior lobe gland

FIGURE 10.1 Organization of Diencephalon: Medial View
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Thalamus

The right and left thalami (“inner chamber”) are large, oval-shaped nuclear masses
located dorsal to the hypothalamus (Fig. 10.2). The thalamus forms the largest part of the
diencephalon. The thalamus is subdivided into regions containing various nuclear groups.
These nuclei comprise a major processing center and a relay station for motor and
sensory circuits that project to the cerebral cortex (except olfactory). Most of the nuclei
provide relay for sensory pathways, and only two nuclei (ventral anterior and ventral
lateral nuclei) provide relays for motor projections from the cerebellum and the basal
ganglia. The organization of the thalamic nuclei is shown in the figure below.
Intralaminar
nucleus

Anterior nucleus

Dorsomedial
nucleus
Ventral anterior

Lateral posterior
nucleus

Ventral lateral

Pulvinar

Ventral posterolateral

Medial geniculate
nucleus
Lateral geniculate
nucleus

Ventral posteromedial

FIGURE 10.2 Nuclei of The Thalamus
The connections and functions of these major thalamic nuclei are in Table 10.1.

Table 10.1: Connections and Functions of the Major Thalamic Nuclei
Nucleus

Receives Afferents from

Cortical Projections

Function

Ventral
posterolateral (VPL)

Limbs and trunk
dorsal columns and
spinothalamic tract

Primary sensory cortex

General
sensory

Ventral
posteromedial (VPM)

Head
CN V and taste

Primary sensory cortex

General
sensory

Ventral anterior (VA)
Ventral lateral (VL)

Cerebellum and
basal ganglia

Primary, premotor cortex

Activates UMN

Medial geniculate
nucleus (MGN)

Auditory circuits

Auditory cortex of
superior temporal gyrus

Auditory

Lateral geniculate
nucleus (LGN)

Visual circuits

Visual cortex of
occipital lobe

Vision

Dorsomedial

Limbic and
amygdala

Frontal cortex

Limbic, memory,
olfactory

Anterior

Mammillary body,
Hippocampus

Cingulate gyrus

Limbic,
memory

Intralaminar

Sensory pathways,
Reticular formation

Cerebral cortex

Consciousness
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The epithalamus is composed of the pineal gland and the habenular nuclei and is the
only part of the diencephalon that is not paired. The single, pineal gland is located in the
dorsal midline just superior to the superior colliculus and between the pretectal regions.
The pineal gland is an endocrine gland that participates in the regulation of circadian
rhythms and contains secretory cells called pinealocytes. These cells synthesize
melatonin from serotonin during the daily light cycle.

Clinical Application
Tumors of the pineal gland (Parinaud’s Syndrome) will compress the adjacent superior
colliculi and pretectal regions and compress deeply into the midbrain occluding the
cerebral aqueduct. These compressions are shown in Figure 10.3.
1.

Interruption of the fibers in the pretectal region results in abnormal pupillary light
responses.

2. Compression of the cerebral aqueduct results in noncommunicating hydrocephalus.
3. Damage to the superior colliculus area will affect the rostral interstitial nucleus
(vertical gaze center) located at the cranial end of the medial longitudinal fasciculus
(MLF). The interstitial nucleus is a control center for vertical gaze, and a lesion results in
weakness in elevating the eyes (vertical gaze palsy: sunset eyes at rest).

Pretectum
Epithalamus
(Pineal gland)

Dorsal view

Pineal gland
Tectum
Cerebral aqueduct

FIGURE 10.3 Lesion Sites of Parinaud’s Syndrome
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Hypothalamus

The bilateral hypothalamus lies inferior to the thalamus and has many diverse functions
that serve to maintain homeostasis and the internal environment. The hypothalamus is
a visceral control center for the:
1.

Endocrine system

2. Autonomic nervous system
3. Limbic system
The hypothalamus is composed of a complex network of nuclei (Fig. 10.4 and Table
10.2) that are best illustrated on a mid-sagittal image of the brain as shown below.
These nuclei form anterior, middle, and posterior regions of the hypothalamus. The
major hypothalamic nuclei are the preoptic, paraventricular, supraoptic, ventromedial,
posterior, anterior, mammillary, and arcuate nuclei. These nuclei are organized in the
Table 10.2.
Posterior
Posterior

Anterior
Anterior

Dorsomedial nucleus
Dorsomedial nucleus
Posterior nucleus
Posterior nucleus
Ventromedial nucleus
Ventromedial nucleus
Mammillary body
Mammillary body
Arcuate nucleus
Arcuate nucleus
Infundibular stem
Infundibular stem

Pituitary Gland

Fornix
Fornix
Paraventricular
Paraventricular
nucleus
nucleus
Anterior nucleus
Anterior nucleus
Preoptic area
Preoptic area
Supraoptic
Supraoptic
nucleus
nucleus
Optic chiasma
Optic chiasma
Anterior lobe Pituitary
Anterior
gland
Posteriorlobe
lobe Pituitary
Posterior lobe gland

FIGURE 10.4 Nuclei of Hypothalamus

The hypothalamus and the pituitary gland comprise an unusual link between the neural
and endocrine systems. Extensive connections between the two are provided by both
neural projections (hypophyseal or tuberoinfundibular tract) and vascular connections
(hypophyseal portal system) as shown below. The developmental aspects of the
pituitary gland are also illustrated below.
Paraventricular nucleus
Paraventricular nucleus

Arcuate nucleus
Arcuate factors)
nucleus
(inhibitory and releasing
(inhibitory and releasing factors)
infundibulum
infundibulum
Hypophyseal tract (Axons)
Hypophyseal tract (Axons)
Posterior lobe
Posterior lobe
(Neurohypophysis)
(Neurohypophysis)
Veins drain to cavernous sinus
Veins drain to cavernous sinus
Develops from
Develops from
neuroectoderm
neuroectoderm

Inferior hypophyseal artery
Inferior hypophyseal artery

Precursors of oxytocin
Precursors
of oxytocin
and vasopressin
(ADH)
and vasopressin (ADH)
Supraoptic nucleus
Supraoptic nucleus
Superior hypophyseal artery
Superior hypophyseal artery
Hypophyseal portal vein
Hypophyseal portal vein
Anterior lobe
lobe
Anterior
(Adenohypophysis)
(Adenohypophysis)
Develops from Rathke’s
Develops
from Rathke’s
pouch: Ectoderm
pouch: Ectoderm

Veins drain to cavernous sinus
Veins drain to cavernous sinus

FIGURE 10.5 Connections of Pituitary Gland
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Table 10.2: Organization of Hypothalamic Nuclei
Nucleus

Normal Functions

Clinical Presentation
With Lesions

Paraventricular and
Supraoptic

Produce antidiuretic hormone
(vasopressin) and oxytocin

Arcuate

Secretes inhibitory and releasing
factors to adenohypophysis

Regulates secretion
of adenohypophysis

Anterior (zone)

1. Heat dissipation: sweating
and vasodilatation
2. Regulates parasympathetics

Hyperthermia

Posterior (zone)

1. Heat conservation: vasoconstriction
and shivering
2. Regulates sympathetics
(descending hypothalamic tract)

Hypothermia

Lateral

Increases water and food intake
(feeding center)

Aphagia: anorexia,
starvation

Ventromedial

Reduces food intake
(satiety center)

Hyperphagia: overeating

Suprachiasmatic

Circadian rhythms

Imbalance of circadian
rhythms

Preoptic

Sexual functions

Decreased sexual growth
before puberty; impotence,
amenorrhea after puberty

Dorsomedial

Limbic: emotional

Diabetes
insipidus

Subthalamus
The role of the subthalamus in the basal ganglia circuits is discussed in the chapter on
basal ganglia. Unilateral lesions of the subthalamus result in contralateral hemiballismus
of the limbs.
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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.

1

11

Neuroanatomy

External Features of the Cerebral Cortex

A. Lateral Surface Features
Primary motor
sensory cortex
(area 4)

Somatosensory
cortex
(area 3, 1, 2)
Central fissure
(Rolando)
Parietal lobe

Frontal lobe
Lateral fissure
(Sylvian)

Occipital lobe

Temporal lobe
Cerebellum

Pons
Medulla

Spinal cord

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.
2

Cerebral Cortex

11

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).
Paracentral lobule motor (M) and sensory (S)
cortex for contralateral lower limb
Sensory
cortex

Motor
cortex

S
1 M
2 4
3

Parietal lobe
Corpus callosum
(Splenium)

Central
fissure

us

ne
l
Cu gua
n
i
L

Occipital lobe
Calcarine fissure

Cingulate gyrus
Corpus callosum
(Body)

Corpus callosum
(Genu)
Thalamus and
3rd ventricle
Frontal lobe

Cerebral aqueduct
4th ventricle
Cerebellum

Pituitary gland
Midbrain
Pons

Brainstem

Medulla

FIGURE 11.2 Medial View of the Left Cerebral Cortex
3

11

Neuroanatomy

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).

Hand and upper
limb

Trunk
Lower limb and
pelvis

Lateral
Middle cerebral
artery to lateral
cortex

Medial
Anterior cerebral
artery to medial
cortex

Head

TK
UL
H

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
Anterior
communicating
artery

Anterior
cerebral artery

Internal carotid
artery

CN III

Middle cerebral
artery

Posterior
cerebral
artery

Uncus
(Site of
supratentorial
herniation)

Basilar
artery

Posterior
communicating
artery
Superior
cerebellar artery

Anterior inferior
cerebellar
artery

Paramedian arteries

Posterior inferior
cerebellar artery

Anterior
spinal artery

Tonsil
(Site of infratentorial
herniation)

Vertebral artery

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

6

Cerebral Cortex

Vascular Distributions

11

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

9

11

Neuroanatomy

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

Anterior cerebral a.
Middle cerebral a.

Posterior cerebral a.
Watershed area

Lateral view

Anterior cerebral a.

Posterior cerebral a.

Anterior cerebral artery
Middle cerebral artery
Posterior cerebral artery

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.

11

11

Neuroanatomy

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
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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.

17

11

Neuroanatomy

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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Amygdala
(Deep to uncus):
Programs behavior
and emotions

Cerebral Cortex

Hippocampus (Sea Horse)
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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.
23
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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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For Healthcare Professionals
INDEX

t: table reference

Arcuate nucleus: 10-4 f

f: figure reference

Arcuate fasciculus: 11-16

c-p

Arnold-Chiari malformation type II (newborn): 1-5
Arterial Supply, Internal Capsule: 11-21 t

A

Arteriogram of Internal Carotid Artery (A-P View): 11-8 f

Abducens nucleus: 6-40; 6-44

Artery, basilar: 6-45, 11-10

ACA and PCA, Distribution of: 11-7 f

Artery, vertebral: 6-45

Accommodation reflex: 9-11

Articular processes, superior and inferior: 5-2

Acetylcholine neurons: 8-1, 8-6

Ascending long tracts: 5-27

Alar plate: 1-1, 5-11 f

Astrocytes: 2-3

Alexia without agraphia: 11-19

Ataxia, motor: 5-31, 7-12

Alpha motor neurons: 5-22, 5-23, 5-24

Ataxia, sensory: 5-31, 5-39, 7-12

ALS (amyotrophic lateral sclerosis): 5-39

Ataxia, trunk: 7-12

Amygdala: 11-23

Athetosis: 8-11

Anencephaly: 1-4

Auditory Pathways: 6-36

Angiogram: Posterior Circulation: 6-46 f

Auditory system: 6-35

Anopia: 9-8

Autonomic Nervous System: Two Neurons,

ANS (autonomic nervous system): 4-1

Visceral Efferent Neurons of the: 4-3

Anterior inferior cerebellar arteries (AICA): 7-10

Axon hillock: 2-1 f, 2-2 f

Anterior spinal artery (ASA): 5-36 f, 5-40

Axon Transport: 2-4

Anterior Spinal Artery (ASA) Occlusion: 5-40

Axons: 2-4

Anterograde amnesia: 11-23
Anterograde transport: 2-4

B

Annulus fibrosus: 5-3

Ballismus: 8-11

Aphasia, Conduction: 11-16

Basal ganglia: 8-1

Aphasia, expressive or motor: 11-15

Basal ganglia afferents: 8-5

Arachnoid granulations: 3-3

Basal Ganglia and Internal Capsule: 8-2, 8-3 f

Arachnoid mater: 3-3

Basal ganglia: direct and indirect pathways,
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interconnections of: 8-5

Brodmann Areas, Summary of Major: 11-12

Basal ganglia disorders: 8-10

Brown-Séquard Syndrome: 5-41

Basal Ganglia-Frontal Section: 8-4 f
Basal Ganglia Lesions, Major Movement

C

Disorders Stemming From: 8-10

Calcarine sulcus: 11-13, 11-14

Basal Ganglia Pathway: 8-5, 8-7 f, 8-8, 8-9

Caloric test: COWS (cold-opposite; warm-same):
6-42

Basal plate: 1-1 f, 5-8 f

Carotid Artery, Arteriogram of Internal: 11-8

Basilar artery: 6-45, 6-50, 11-5

Cauda equina: 5-5, 5-9

Basilar membrane: 6-35

Caudal medulla: 5-20, 6-22 f

Basket cells: 7-6

Caudate nucleus: 8-2, 8-4 f, 8-5

Bipolar neurons: 2-1

Cavernous Sinus: 3-7

Bitemporal heteronymous hemianopia: 9-8, 11-10

Cavernous sinus thrombosis: 3-7

Blood-Brain Barrier: 2-3

Cell body: 2-2, 2-4

Blood Supply of Upper Spinal Cord: 5-36

Central canal: 3-8, 5-33, 5-40

Blood Supply to Brain: 11-6

Central fissure (of Rolando): 11-2 f, 11-3

Blood Supply to Brainstem: 6-45

Cerebellar arteries, anterior inferior (AICA): 6-18 t, 6-46
f, 7-10

Bradykinesia: 8-10
Brainstem: 6-1

Cerebellar arteries, posterior inferior (PICA): 6-18, 6-46
f, 6-49 f, 7-10

Brainstem, Attachment of Cranial Nerves to: 6-4 f,

Cerebellar Cortex Neurons: 7-6 t

Brainstem, Dorsal Surface of: 6-3 f

Cerebellar Efferent from Lateral Hemisphere: 7-10

Brainstem Lesions, Model of: 6-47

Cerebellar Organization: 7-2, 7-3 t

Brainstem, Location of Major Sensory Nuclei in the:
6-19, 6-21 t

Cerebellar peduncles: 7-2

Brainstem, Long Tracts in the: 6-27

Cerebellum: 7-1

Brainstem, Posterior and Anterior Circulation in the:
11-5

Cerebellum, Climbing Afferents to: 7-5

Brainstem Vascular Syndromes and Lesions, Major:
6-54 t

Cerebellum, Mossy Afferents to: 7-4 t, 7-5
Cerebellum, Somatotopic Organization of: 11-4

Brainstem, Ventral Surface of: 6-2 f

Cerebral aqueduct (of Sylvius): 3-8

Brain Vesicles and Adult Derivatives 1-3

Cerebral artery, posterior (PCA): 11-10, 11-11 f, 11-18

Bridging veins: 3-5

Cerebral cortex: 11-1

Broca area: 11-12 f

Cerebral hemisphere: 8-2
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Cerebral peduncle: 6-3 f, 6-4 f, 6-15, 6-16, 6-17, 6-29

Corpus callosum: 11-3, 11-18

Cerebral Vessels, Distribution of 11-11

Corpus striatum: 8-2, 11-9

Cerebrospinal Fluid, Circulation of: 3-8

Cortex: 11-1

Cervical spinal nerves: 5-10

Cortex, Functional Areas of the: 11-1, 11-12

Chain (paravertebral) ganglia: 4-3

Cortex, Lateral View of: 11-2

Chorea (dance) disorders: 8-11

Cortex, Medial View of: 11-3

Choroid plexus: 3-8 f

Corticobulbar (corticonuclear) tract: 6-29, 6-30 f

Chromatolysis: 2-4

Corticobulbar Tract: 6-30 f, 6-31 f, 6-53, 11-12, 11-20 f

Ciliary body: 9-2

Corticopontine fibers: 7-3, 7-5

Ciliary muscle: 9-1 f, 9-2, 9-3

Corticospinal tract: 5-17, 5-19, 5-20

Circadian rhythms (dark-light cycles): 10-3, 10-5 t

Corticospinal Tract with Cross Sections: 5-36

Circle of Willis: 11-8

Cranial Cavity: 3-1

Climbing fibers: 7-5

Cranial Nerves in Brainstem, Major Motor and Sensory
Nuclei of the: 6-12, 6-13 t

CNS (central nervous system): 4-1
CNS Structures of the Cortex: Midsagittal CT: 11-24

Cranial Nerves, Major Motor and Sensory Ganglia
Related to: 6-8 t

CNS, Ventricles of: 3-8

Cranial Nerves to Brainstem, Attachment of: 6-5 f

Cochlea: 6-35

Cross-Sectional Imaging, Orientation of: 6-12

Cochlear duct: 6-35

CSF (cerebrospinal fluid): 3-8

Cochlear nuclei: 6-23, 6-24, 6-35 f

Cuneocerebellar tract: 5-35, 7-3

Collateral (prevertebral) ganglia: 4-3

Cuneus: 11-14

Combined Degeneration, Subacute: 5-31, 5-40

D

Conduction Aphasia: 11-16
Conductive hearing loss: 6-38

D1 receptors: 8-8

Cones: 9-1,

D2 receptors: 8-8

Confluence of the sinuses: 3-6

Dandy-Walker malformation: 1-5

Consensual light reflex: 9-9, 9-10 f

Deep Tendon Reflexes, Commonly Tested: 5-23, 5-24

Constrictor pupillae muscle: 9-2

Deep Tendon Stretch (Monosynaptic) Reflex: 5-23,
5-23 t

Contralateral gaze: 6-43

Dendrites: 2-2

Conus medullaris: 5-5

Dentate nucleus: 7-8, 7-9

Convergence: 9-11

Denticulate ligaments: 5-6

Cornea: 9-2
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Dermatome: 5-12,13

Epithalamus (Pineal Gland): 6-3 f, 10-1, 10-3

Descending Long Tract: 5-15, 5-17

Eyeball, Structure of: 9-1

Descending motor long tract systems: 5-19
Diencephalon: 8-3, 10-1 f

F

Dilator pupillae muscle: 4-7 f, 9-2

Falx cerebri: 3-4, 3-6

Direct basal ganglia pathway: 8-5, 8-7 f

Fasciculus cuneatus: 5-28, 5-38 f

Disconnect Syndrome: Alexia Without Agraphia: 11-19

Fasciculus gracilis: 5-28

Disconnect Syndrome: Transcortical Apraxia: 11-18

Fastigial nucleus: 7-8

Disinhibition of the thalamus: 8-5, 8-8

Filum terminale: 5-6

Disk Herniation, Cervical: 5-4

Flocculonodular disorders: 7-11

Dopamine: 8-1, 8-2, 8-5, 8-8

Foramina of Luschka: 1-5, 3-8

Dorsal columns: 5-28, 5-37 f

Fourth ventricle: 1-5, 3-8 f

Dorsal columns/medial lemniscus pathway: 5-28

Fovea centralis: 9-2

Dorsal horn: 5-15

Frontal eye fields: 11-13

Dorsal motor nucleus of CN X: 6-14

Frontal lobe: 11-13

Dorsal rami: 5-12

Functions of the Main Hypothalamic

Dorsal root: 5-40

Nuclei and Lesions: 10-4

Dorsal spinocerebellar tract: 5-35

Funiculi: 5-15

Dorsal Surface of Brainstem: 6-3 f
Dural Venous Sinuses: 3-6

G

Dura mater: 3-3, 3-7 f, 5-7

Gamma motor neurons: 5-12, 5-15, 5-18

Dynein: 2-4 f

Geniculocalcarine tract (optic or visual radiations):
9-7

E

Gerstmann syndrome: 11-17
Glaucoma, open-angle: 9-3

Ear, Inner: 6-34

Glial cells: 2-3

Ear, Organization of: 6-33
Edinger-Westphal nucleus: 6-17 f, 6-26 f, 6-53 f, 9-10 f
Efferent (motor) neurons: 5-10
Ependymal cells: 2-3
Epiblast cells: 1-1
Epidural space: 5-8, 5-9

Globus pallidus: 8-2
Glossopharyngeal nerve: 6-2 f, 6-4 f, 6-8 t
Golgi cells: 7-7
Golgi tendon organs: 5-26, 5-28, 5-35
Granule cells: 7-4 t, 7-6, 7-7
Gray matter: 5-15
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H

Internal carotid arteries: 11-8
Internal vertebral venous plexus: 5-8

Hematoma, Epidural: 3-3, 3-5 f

Internuclear ophthalmoplegia (INO): 9-11

Hematoma, Subdural: 3-4, 3-5 f

Interposed nuclei (globose and emboliform): 7-8

Hemineglect syndrome: 11-17

Interventricular foramen (of Monro): 3-8 f

Hippocampus: 11-23

Intervertebral Disk (Detail), Lumbar Herniated: 5-1

Homunculus: 11-4

Intervertebral foramina: 5-2

Horizontal Gaze, Abnormal: 6-43

Inverse Myotatic Reflex: 5-26

Horizontal Gaze Circuit, Voluntary: 6-43

Iris: 9-2

Horizontal Gaze, Lesions of: 6-43, 6-44

Indirect basal ganglia pathway: 8-8

Horner syndrome: 3-7, 3-7 t, 6-27

J

Huntington disease: 8-10
Hydrocephalus: 3-9

Jaw jerk reflex: 6-21

Hydrocephalus, Major Types of: 3-9

K

Hyperacusis: 6-8 t, 6-33, 6-51
Hyperkinetic: 8-1, 8-10

Kinesin: 2-4 f

Hypertonia: 5-26 t, 8-10
Hypoglossal nerve: 3-1 f, 6-2 f, 6-4 f, 6-5 f, 6-13 t, 6-48
Hypothalamic Nuclei and Lesions, Functions of the
Main: 10-4, 10-5 t

Klüver-Bucy syndrome: 11-24
Korsakoff syndrome: 11-23

Hypothalamus: 10-4

L

Hypothalamus: Midsagittal View: 11-24

Lateral Brainstem, Trigeminal Nuclei: 6-19
Lateral fissure (of Sylvius): 11-3

I

Lateral geniculate body of the thalamus: 9-10 f, 11-14

Inferior cerebellar peduncle: 6-3 f, 6-14, 6-49, 6-51
Inferior olivary nucleus: 6-2 f, 7-3

Lateral hemispheres (motor planning), efferent
connections of the: 7-2 f,
Lateral horn gray matter: 5-15

Inferior petrosal sinuses: 3-6, 3-7

Lateral lemniscus: 6-36, 6-37

Inferior sagittal sinus: 3-6
INO (internuclear ophthalmoplegia): 6-43 f

Lateral medullary syndrome (Wallenberg syndrome):
6-49

Interlaminar Spaces: 5-9

Lateral pontine syndrome: 6-51

Internal Capsule: 11-20

Lateral ventricles: 3-8

Internal capsule, posterior limb of the: 11-20 f, 11-21 f

Lateral vestibulospinal tract: 6-39
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Lens: 9-1

MCA, Distribution of: 11-9

Lentiform nucleus: 8-2

Medial lemniscus: 6-27, 6-48, 6-50

Lesion, Nuclear: 6-32

Medial longitudinal fasciculus (MLF): 6-12, 6-27 f, 6-40,
6-43

Lesion, Peripheral: 6-7 t, 6-32

Medial medullary syndrome: 6-48

Lesion, Supranuclear: 11-21

Medial Medullary Syndrome (from ASA): 6-48

Lesions: Crossed Signs, Model of Brainstem: 6-47

Medial meniscus: 5-28 f

Lesions, Model of Supranuclear: 6-32

Medial Midbrain Syndrome (Weber) (from PCA): 6-53

Lesions of Horizontal Gaze: 6-43

Medial Pontine Syndrome (Paramedian): 6-50

Lesions of the Spinal Cord: 5-38

Medial vestibulospinal tract: 5-19

Lesions of VPL Nucleus of Thalamus: 5-29

Mediodorsal nucleus: 10-2 f

Lesions, Supranuclear: 6-22, 11-21

Medulla, Lower (Closed): 6-2 f, 6-3 f, 6-4 f

Limbic System: 11-22

Medulla, Upper: 6-3 f, 6-4 f, 6-5 f, 6-27 f

Lingual gyrus: 9-6, 9-7, 11-3, 11-24 f

Membranous labyrinth: 6-34

LMN Nuclei and Blood Supply in the Brainstem,

Meningeal dura:3-3, 3-4

Location of: 6-18

Meningeal Spaces: 5-8

Long tracts in brainstem, position of: 6-28

Meningeal veins: 5-8 f

Long tracts of the midbrain: 6-13

Meninges: 3-3

Lower Motor Neurons of the Ventral Horn,

Mesencephalic nucleus: 6-19

Somatographic Organization of: 5-15, 5-18

Mesencephalon: 1-3

Lumbar spinal nerves: 5-10

Meyer loop: 9-6 f, 9-8

Lumbar splanchnic nerves: 4-5

Microglia: 2-3

M

Midbrain: 6-17
Midbrain, LMI Nuclei: 6-17, 6-18 f

Macula lutea: 9-2

Midbrain, Sensory Nuclei: 6-19

Macular degeneration: 9-2

Middle cerebellar peduncle: 6-3 f, 6-14, 6-15, 6-16

Major Brainstem Vascular Syndromes and

Middle ear: 6-33

Lesions: 6-54 t

MLF (medial longitudinal fasciculus): 6-12, 6-27

Major Sensory Nuclei in the Brainstem,

Molecular layer: 7-6 f, 7-7

Location of: 6-19

Mossy fibers: 7-4, 7-5

Mammillary bodies: 6-2 f, 11-22
Mammillary Bodies, Coronal Section at Level of: 6-2 f

Motor aphasia: 11-15, 11-16
Motor ataxia: 5-31, 7-12
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Motor (autonomic) ganglia: 4-3

Nucleus gracilis: 6-3 f, 6-22 f

Motor Homunculus: 11-4

Nucleus pulposus: 5-3, 5-4 f

Motor neurons: 5-18

O

N

Ocular muscles: 6-9

Neglect syndrome: 11-17

Oculomotor nucleus: 6-40, 6-44

Nerves, cervical spinal: 5-10

Olfaction: 11-22

Nerves, lumbar spinal: 5-10

Oligodendrocytes: 2-3

Nerves, sacral spinal: 5-10

Ophthalmic veins: 3-7

Nerves, thoracic spinal: 5-10

Optic chiasm: 3-7 f, 9-8, 11-10

Nervous System, Major Demyelinating Diseases of
the: 5-31

Optic nerve: 9-8

Nervous System Development: 1-1
Nervous system, developmental defects of the: 1-4
Nervous system, organization of the: 4-1

Organ of Corti: 6-35

P
Papez circuit: 11-23

Nervous System, Sympathetic: 4-4

Parallel fibers: 7-7

Neural crest cells: 1-1

Paramedian arteries: 6-18 t

Neural folds: 1-1
Neural groove: 1-1

Paramedian pontine reticular formation (PPRF): 6-43
f, 6-44

Neural plate: 1-1

Parasympathetic nervous system: 4-10

Neural tube: 1-1, 1-3, 1-4

Paraventricular nucleus: 10-4 f

Neuroectoderm: 1-3

Paravermis: 7-3, 7-4 t, 7-3 t

Neuroglia: 2-3

Parietal association cortex: 11-14

Neuron, Multipolar: 2-1

Parietal lobe: 11-13

Neuron Regeneration: 2-4

Parinaud syndrome: 10-3

Neurons, Major Excitatory and Inhibitory: 8-5

Parkinson disease: 8-10

Neurosyphilis: 5-39

Pars compacta: 8-3

Neurulation and formation of the neural tube: 1-1

Pathway: Dorsal View, Vestibular: 6-39

Notochord: 1-1

Pathway, Typical Sensory: 5-27

Nucleus ambiguus: 6-29, 6-47, 6-49

Pathways and Lesions, Auditory: 6-36

Nucleus, subthalamic: 8-3

Pathways and Visual Field Defects, Visual: 9-8

Nucleus cuneatus: 6-3 f, 6-22 f

Pathways, Direct and Indirect: 8-8
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Pathways, Parasympathetic: 4-12

Prefrontal cortex: 11-13

Pathways, somatic: 4-1

Preganglionic neurons: 4-2

Pathways, Sympathetic: 4-4, 9-2

Preganglionic Outflow from Spinal Cord: 4-8

Pathways, visceral: 4-2

Premotor cortex: 11-13

Pathways, visceral sympathetic and

Preoptic: 10-4, 10-5 t

Parasympathetic efferent: 4-11

Pretectum: 6-3 f, 10-3 f

PCA (posterior cerebral arteries): 11-10

Primary auditory cortex: 11-12 t, 11-14

Perilymph: 6-34

Primary motor cortex: 11-2

Periosteal dura: 3-5

Primary visual (calcarine) cortex: 11-14

Pia mater: 3-3

Prosencephalon: 1-3

PICA (posterior inferior cerebellar arteries): 7-10

Pseudounipolar neurons: 2-1

Pill-rolling tremor: 8-10

Pupillary constriction: 9-11

Pineal gland: 6-2 f, 10-3

Pupillary Light Reflex: 9-9, 9-10 f

Pineal Gland, Cerebral Aqueduct, and Tectum: 10-3

Purkinje Axons to Deep Nuclei, Projection of: 7-7

Pinealocytes: 10-3

Purkinje cell layer: 7-7

Pituitary Gland and Connections with the

Purkinje cells of the cortex: 7-7

Hypothalamus, Development of: 10-4

Purkinje cells (olivocerebellar tract): 7-3

PNS (peripheral nervous system): 4-1, 5-19 f

Purkinje fibers: 7-4 t, 7-7

Poliomyelitis: 5-39

Purkinje neurons: 7-4, 7-7

Pons, Lower, LMN Nuclei: 6-18

Putamen: 8-2

Pons, Lower, Sensory Nuclei: 6-19

Pyramids: 6-14, 6-22, 6-48, 6-50

Pons, Mid: 6-25

R

Pons, Mid-Upper: 6-29, 6-47
Posterior and Anterior Circulation to the Brainstem:
6-45
Posterior cerebral arteries (PCAs): 11-10

Receptive aphasia: 11-16
Red nucleus 6-17
Reflex, Deep Tendon Stretch (Monosynaptic): 5-23

Posterior chambers: 9-3

Reflex, Inverse Myotatic: 5-26

Posterior Circulation, Angiogram: 6-46
Posterior limb of the internal capsule: 5-29, 5-33, 8-2,
8-3, 11-9

Reflex, Pupillary Light: 9-9, 9-10 f
Retrograde transport: 2-4

Postganglionic neurons: 4-2

Rhombencephalon: 1-3

PPRF (paramedian pontine reticular formation): 6-44

Rods: 9-5
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Romberg sign: 5-31, 5-39

Spinal Cord, Regional Sections of the: 5-37

Round window: 6-34

Spinal cord segments: 4-6
Spinal Nerve Distribution: 4-8, 5-10, 5-11 f, 5-12

S

Spinal Nerves From Vertebral Column, Exit of: 5-13

Saccule: 6-38, 6-39

Spinal nucleus and tract of V: 6-22 f, 6-49, 6-51

Scala media: 6-35

Spinocerebellar tracts: 5-35

Scala tympani: 6-35

Spinothalamic (Anterolateral) Tract With Cross
Sections: 5-32

Scala vestibuli: 6-35

Spinothalamic tract (STT): 5-32

Schwann cells: 2-3

Spiral ganglion: 6-36

Sclera: 9-1

Splanchnics, lumbar: 4-7 f

Sensorineural hearing loss: 6-38

Strabismus, External and Internal: 6-10

Sensory aphasia: 11-15, 11-16

Striatum (neostriatum): 8-2

Sensory ataxia: 5-31, 5-39

Subacute Combined Degeneration: 5-40

Serotonin: 10-3

Subarachnoid space: 3-5

Sinuses, confluence of the: 3-6

Subdural space: 3-5

Sinuses, Dural Venous: 3-6

Substantia nigra: 8-3, 8-7 f

Sinuses, superior and inferior petrosal: 3-6

Subthalamic nucleus: 8-3, 8-7 f, 8-8

Sinus, inferior sagittal: 3-6

Subthalamus: 10-5

Sinus, straight: 3-6

Superior and inferior articular processes: 5-2

Sinus, superior sagittal: 3-3, 3-6, 3-8

Superior cerebellar arteries: 7-10

Sinus, transverse: 3-6

Superior colliculi: 10-3

Solitary nucleus: 6-21, 6-23, 6-24, 6-49

Superior olivary nuclei: 6-36

Somatic innervation: 4-1

Suprachiasmatic nucleus: 9-4 f, 9-7

Somatic, Sensory and Motor Neurons: 4-2

Supranuclear Lesion: 11-21

Spina bifida: 1-2 f, 1-4

Supranuclear Lesions, Model of: 6-32

Spinal artery (ASA), anterior: 5-40

Supraoptic nucleus: 10-4 f

Spinal Cord Cross Section: 5-37
Spinal Cord Cross Section, Dorsal Columns in: 5-38

Sympathetic Innervation, Five Patterns (Regions) of:
4-6

Spinal Cord, Lesions of the: 5-38

Sympathetic Nervous System: 4-4, 4-5 f

Spinal Cord, Motor Systems of: 5-39

Sympathetic Pathways: 9-2

Spinal Cord, Preganglionic Outflow From: 4-8

Sympathetic preganglionic nerve cell bodies: 4-5
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Syndrome (from ASA), Medial Medullary: 6-48

Lower Motor Neurons of the: 5-18

Syndrome (from PICA), Lateral Medullary: 6-49

Ventral roots: 5-8

Syndrome (Lower) (from AICA), Lateral Pontine: 6-51

Ventral Surface of Brainstem: 6-2 f

Syndrome (Mid Pons) (Superior Cerebellar), Lateral
Pontine: 6-52

Ventromedial nucleus: 10-4 f

Syndrome (Paramedian), Medial Pontine: 6-50
Syndrome (Weber) (from PCA), Medial Midbrain: 6-53
Syringomyelia: 5-40

T
Tabes Dorsalis: 5-39
Temporal lobe: 11-14
Terminal ganglia: 4-12
Thalamic Nuclei, Their Nervous Connections, and
Their Functions, The Various: 10-2

Vermis: 7-3, 7-12
Vertebra Typical: 5-1
Vertebral arch: 5-1
Vertebral artery: 6-45
Vertebral canal: 5-1, 5-5
Vertebral Column: 5-3
Vertebral level, S2: 5-7, 5-9
Vertigo: 6-42
Vestibular nuclei: 6-49, 6-51
Vestibular nystagmus, pathologic: 6-42

Thalamus: 10-2

Vestibular receptors and nuclei: 6-39

Thoracic splanchnic nerves: 4-6 t

Vestibular schwannoma (acoustic neuroma): 6-36

Tourette syndrome: 8-11

Vestibular system: 6-39

Transcortical apraxia: 11-18

Vestibulo-ocular reflex (VOR): 6-39, 6-40

Transport, Axon: 2-4

Visceral afferent fibers: 4-1

Trigeminal nuclei of pons: 6-19

Visceral Efferent Neurons of the

Trochlear nerves: 3-7 f, 6-3 f, 6-4 f, 6-5 f, 6-9

Autonomic Nervous System: Two Neurons: 4-2

Tympanic cavity: 6-33

Visceral motor pathways, general concepts
concerning: 4-2

U

Visceral nervous system: 4-1

Unipolar (pseudounipolar) neurons: 2-1
Upper and Lower Motor Neuron Lesions: 5-26 t
Utricle: 6-34, 6-39

V
Ventral horn: 5-16
Ventral Horn, Organization of

Visceral sensory autonomic nerves: 6-21 t
Visceral sympathetic and parasympathetic
Efferent pathways: 4-12
Vision Abnormalities: 9-11
Visual association area: 11-14
Visual (calcarine) cortex lesions: 9-8
Visual field defects: 9-8
Visual pathways: 9-7
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Visual Pathways and Visual Field Defects: 9-6
Voluntary horizontal gaze: 6-43
VPL Nucleus of Thalamus, Lesions of: 5-29

W
Wallenberg syndrome (lateral medullary syndrome):
6-49
Wallerian (anterograde) degeneration: 2-4
Weber syndrome: 6-53
Wernicke area: 11-14
Wernicke encephalopathy: 11-23
Whiplash: 5-2
White matter: 5-15
Wilson’s disease: 8-11
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