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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.
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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
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Lower
medulla

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

Brainstem
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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
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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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Clinical Testing:
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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.

9
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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

21

6

Neuroanatomy

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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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

25

6

Neuroanatomy

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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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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after bone
heard, then
conduction ends
placed in air
adjacent to ear
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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.

Left

Right

VOR

Head turns opposite
of eye movement
Head goes left

Both eyes
look right

CN III

Eyes go to right

Left medial rectus
(adducts)

Right lateral rectus
(abducts)

Semicircular ducts:
ampullae

CN VI

Medial
longitudinal
fasciculus
(MLF)

Oculomotor
nucleus

Angular movement

6

Linear movement

Abducens
nucleus

Utricle:
maculae

Saccule:
maculae

Vestibular
nuclei

Cerebellum:
Flocculonodular lobe

Lesion of right
vestibular complex
1. Nystagmus

Vestibular
ganglia

Slow phase to side of
lesion (right)

Lateral
vestibulospinal
tract
VOR

Spinal cord

Fast phase away from
side of lesion (left)
2. Vertigo, nausea

Posture and Balance

L

R

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
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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
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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

