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The area outlined in blue shows the
degeneration described in the Note at
the right of the page.

What tract and what nucleus of the
trigeminal system are located here? If
you are not sure, compare it to the
opposite side, which is normal.

Note: Brainstem B shows marked
degeneration of the trigeminal
nerve and of trigeminal sensory
(and motor) nuclei on one side. In
this atlas the degenerated, and
therefore unstained, regions
“highlight” the location of important
but difficult to identify trigeminal
structures.

You can use the degenerated side
to identify these structures, and
then look at the normal side to see
their usual appearance in myelin-
stained sections.

MORE INFORMATION

&

Mid Sagittal



Text Box
Note: Brainstem B shows marked degeneration of the trigeminal nerve and of trigeminal sensory (and motor) nuclei on one side. In this atlas the degenerated, and therefore unstained, regions “highlight” the location of important but difficult to identify trigeminal structures. 

You can use the degenerated side  to identify these structures, and then look at the normal side to see their usual appearance in myelin-stained sections.
MORE INFORMATION








IDENTIFY
Pencil
This white matter is the descending or spinal  trigeminal tract (also referred to as the descending or spinal tract of 5).  The cell bodies of its axons are mostly in the trigeminal ganglion. Axons present at this far caudal level of the medulla carry pain and temperature information from the ipsilateral face. Sensory axons of CN 7,9, and 10 carrying input about pain from the ear canal, pharynx and larynx apparently travel in this tract as well, and would also be present here.

IDENTIFY
Polygon
This is the dorsal spinocerebellar tract.  Its cells of origin are in Clarke's nucleus (T2-L2 spinal cord). Its axons project to the cerebellum, and they carry mechanosensory information relevant to movements of the ipsilateral leg.
QUESTION: Have axons in this tract crossed the midline?

ANSWER: No

Text Box
Junction of Cervical Cord and Caudal Medulla

IDENTIFY
Text Box
The area outlined in blue shows the degeneration described in the Note at the right of the page.
What tract and what nucleus of the trigeminal system are located here? If you are not sure, compare it to the opposite side, which is normal.

IDENTIFY
Pencil
This is the spinal trigeminal nucleus, where ganglion cell axons traveling in the spinal (descending) trigeminal tract will synapse. Note that this nucleus looks very much like the substantia gelatinosa of the spinal cord. It has a similar function in processing pain and temperature information, but for the face not for the body.  If you injure the tract or the nucleus at this caudal brainstem level, you'd anticipate loss of pain and temperature sensation in the ipsilateral face.

IDENTIFY
Note
The descending tract of the trigeminal, and the caudal part of the descending or spinal trigeminal nucleus. Identify each of these structures on the uninjured side, and be sure you can describe their functional roles.

IDENTIFY
Pencil

IDENTIFY
Pencil
spinothalamic tract
A patient with a lesion in this tract loses pain and temperature sensation on the opposite side of the body.

Sticky Note
In this patient, an unfortunate neurosurgical mishap infarcted the trigeminal nerve on one side. This caused degeneration of its sensory and motor axons. As a result, neurons in all the trigeminal sensory nuclei that had lost trigeminal ganglion cell input degenerated (this is sometimes called trans-synaptic degeneration). The motor neurons in the motor nucleus of the trigeminal also shrank as most cells were permanently disconnected from their target muscles.

In these myelin-stained sections the areas of trigeminal axonal degeneration appear as pale regions because the degeneration of disconnected axons that occurred triggered the degeneration of their surrounding myelin sheaths. Thus no myelin sheaths remain to take up the dark stain.

IDENTIFY
Line

IDENTIFY
Line
fasciculus gracilis
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WM Brainstem Blood Supply:
\ - | The Vertebral-Basilar System

What is this gray matter structure that is just
beginning to appear in the posterior columns?
What is the functional role of its neurons, and what
are their major connections?

OVERVIEW

MEDIAL-LATERAL PATTERN

What arteries provide the major
blood supply to this region of the

brainstem?

If this tract is damaged,
what signs or symptoms
would you anticipate and

on which side?
. Mid Sagittal

What structure do the crossed yellow lines
indicate? Hint: It marks the transition
between the spinal cord and caudal medulla.

=



CONNECTIONS/FUNCTIONS
Text Box
What is this gray matter structure that is just beginning to appear in the posterior columns?  What is the functional role of its neurons, and what are their major connections?

IDENTIFY
Pencil
This is the spinal nucleus of the trigeminal.  You can ID this as the caudal part of the nucleus because it looks like the substantia gelatinosa of the spinal cord.  Note that the spinal trigeminal tract is located lateral to the spinal trigeminal nucleus -- just as the tract of Lissauer is located lateral to the substantia gelatinosa in the spinal cord.

CONNECTIONS/FUNCTIONS
Pencil

IDENTIFY
Text Box
What structure do the crossed yellow lines indicate? Hint: It marks the transition between the spinal cord and caudal medulla.

CLINICAL
Pencil

IDENTIFY
Polygon
This is fasciculus cuneatus.  Many of its axons originate in spinal ganglia above T6. It carries information essential for 2-point discrimination and joint position sense in the  ipsilateral upper trunk and neck as well as the upper limb. 

QUESTION: Can you find an atlas page that shows nucleus cuneatus? 

ANSWER: Nucleus cuneatus appears in more rostral sections (see B-3, 4, and 5).

CONNECTIONS/FUNCTIONS
Note
Neurons in nucleus gracilis receive input from ganglion cell axons serving joint position sense and 2-point discrimination in the ipsilateral LEG and foot (as well as the lower trunk). They also receive other inputs including some from the cerebral cortex.  

Cells in the nucleus gracilis send their axons across the midline where they then form the 'leg part' of a large fiber tract, the medial lemniscus. The medial lemniscus travels rostrally through the brainstem to synapse in the part of the somatosensory thalamus that serves the body.

CONNECTIONS/FUNCTIONS
Pencil
nucleus gracilis 

IDENTIFY
Note
This is the pyramidal decussation, which marks the junction between the spinal cord and the caudal medulla. Most axons of the corticospinal tract cross the midline here, and take up a lateral position in the spinal cord as the lateral corticospinal tract. A smaller number of corticospinal axons do not cross the midline. They form the anterior corticospinal tract, which is variable in size and continues only as far caudal as thoracic spinal cord segments. For further information:Spinal Cord A-11.

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Line

IDENTIFY
Line

CLINICAL
Text Box
If this tract is damaged, what signs or symptoms would you anticipate and on which side?

CLINICAL
Sticky Note
Loss of pain and temperature sensation on the contralateral side of the body.  
QUESTION: Where did axons of the spinothalamic tract cross the midline?

ANSWER: In the anterior white commissure of the spinal cord. 

CLINICAL
Line

Text Box
Junction of Cervical Cord and Caudal Medulla

CONNECTIONS/FUNCTIONS
Text Box
What arteries provide the major blood supply to this region of the brainstem?

CONNECTIONS/FUNCTIONS
Sticky Note
The blood supply of the caudal medulla is very reminiscent of the spinal cord. Both the anterior spinal artery and the 2 vertebral arteries supply its anterior and lateral parts, while the posterior spinal artery (and branches of PICA) supply posterior regions. 

Text Box
Brainstem Blood Supply:
The Vertebral-Basilar System
OVERVIEW

Sticky Note
The brainstem is supplied by the vertebrobasilar system. After entering the cranial cavity, the 2 vertebral arteries travel along the ventral surface of the medulla. At the junction between the medulla and pons these arteries join to form the single basilar artery which runs rostrally at the ventromedial surface of the pons. At the level of the midbrain, the basilar artery bifurcates to form the 2 posterior cerebral arteries (PCA).  
The vertebrobasilar system has 3 major paired branches that wrap around the brainstem supplying variable amounts of its lateral region before continuing to the cerebellum. The posterior inferior cerebellar artery (PICA) usually arises from the vertebral artery. It supplies the lateral medulla and inferior cerebellum. The anterior inferior cerebellar artery (AICA) usually arises from the basilar close to its junction with the vertebral arteries. It supplies the primarily the lateral caudal pons and the middle cerebellar peduncle but only  a small region of the cerebellum itself. The superior cerebellar artery (SCA) usually arises from the basilar just below its upper bifurcation into the PCAs. It primarily supplies the cerebellum (superior hemisphere, as well as the cerebellar nuclei) and the superior cerebellar peduncle and may also supply a little of the rostral lateral pons.
The PCA wraps around and supplies the midbrain, but continues not to the cerebellum but instead to forebrain structures including the thalamus and medial parts of the occipital and temporal lobes.

Text Box
MEDIAL-LATERAL PATTERN

Sticky Note
The arterial branches that supply the brainstem fall into two major groups:
Paramedian branches These long, slender branches extend into medial regions of the brainstem, sometimes all the way from the ventral surface to the ventricular system. They tend to respect the midline so they usually supply either the right or left side, not both. Their territory includes structures like the corticospinal tract and the hypoglossal, abducens, trochlear and oculomotor nuclei.

Short and Long Circumferential Arteries
These branches travel around the brainstem and supply its more lateral parts via a number of penetrators. The circumferential arteries include PICA, AICA, SCA, as well as other "lateral branches" of the vertebral and basilar arteries. Their territory includes structures like the spinothalamic tract, nucleus ambiguus, facial and trigeminal motor nuclei, and most of the trigeminal sensory system.

Patterns of Brainstem Strokes: Because of this arterial pattern, arterial occlusion can produce wedge-shaped infarcts that damage medial brainstem structures but spare more lateral structures or vice versa. B-7 and B-8 include cases showing medial and more lateral brainstem infarcts.
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How would you test for the integrity of this nucleus
J (and the system it is part of)? Where on the patient
- ., “4 would you perform your tests?

Many axons originating from
cells in the spinal trigeminal
nucleus ultimately synapse
in the contralateral
somatosensory thalamus.
What kind of sensory
information do they convey?

2

7

This is the approximate location of the
dorsal spinocerebellar tract at this level
of the brainstem. Where are the cell
bodies of axons forming this tract
located? Where will the axons synapse?
What major white matter structure will
the axons travel in to reach their
targets?

Mid Sagittal

What major tract is located here?



Text Box
Caudal Medulla

CLINICAL
Text Box
How would you test for the integrity of this nucleus (and the system it is part of)? Where on the patient would you perform your tests? 

IDENTIFY
Pencil
This is nucleus gracilis. Axons originating from cells located here will swing ventrally and medially, cross the midline, and form part of the medial lemniscus. The medial lemniscus travels rostrally through the brainstem, carrying information critical for discriminative touch and related sensations to the somatosensory thalamus. 
QUESTION: Does the medial lemniscus carry information concerning the ipsilateral or contralateral body?

ANSWER: contralateral

CONNECTIONS/FUNCTIONS
Pencil
caudal part of the spinal trigeminal nucleus (you can be fairly confident that this is the caudal part of the nucleus because it looks like the substantia gelatinosa of the spinal cord dorsal horn)

IDENTIFY
Text Box
What major tract is located here? 

CLINICAL
Note
You could test for joint position sense in the fingers, stereognosis (recognizing an object by touch alone -- let the patient manipulate object without seeing it), graphesthesia (ability to recognize letters or numbers "written" on the hand).  These complex sensations each require that this nucleus, the medial lemniscus, and the somatosensory thalamus and cortex all be intact.  Note that n. cuneatus receives input about the IPSILATERAL hand, arm and upper trunk. 

CLINICAL
Pencil
nucleus cuneatus

CLINICAL
Line

CONNECTIONS/FUNCTIONS
Text Box
This is the approximate location of the dorsal spinocerebellar tract at this level of the brainstem. Where are the cell bodies of axons forming this tract located? Where will the axons synapse? What major white matter structure will the axons travel in to reach their targets?

CONNECTIONS/FUNCTIONS
Note
The cell bodies are located in Clarke's nucleus (or column).  This nucleus is present from about T2 to L2, but is largest between the T10 and L2 spinal cord segments.

These axons will synapse in the ipsilateral cerebellum. They form part of the inferior cerebellar peduncle, which connects the rostral medulla and the cerebellum.

CONNECTIONS/FUNCTIONS
Pencil

IDENTIFY
Note
corticospinal tract
The cell bodies of origin of the pyramidal (corticospinal) tract are located in the cerebral cortex, not only in the primary motor cortex but also in additional pre- or supplementary motor cortex, and even in the somatosensory cortex located in the parietal lobe. 

Advanced Information: We think that the axons from the somatosensory cortex synapse in nucleus gracilis and cuneatus, as well as in the dorsal horn of the spinal cord. We speculate that they have somehow "tune up" the sensory system, enhancing the feedback to the motor system.

CONNECTIONS/FUNCTIONS
Text Box
Many axons originating from cells in the spinal trigeminal nucleus ultimately synapse in the contralateral somatosensory thalamus. What kind of sensory information do they convey?

CONNECTIONS/FUNCTIONS
Line

CONNECTIONS/FUNCTIONS
Sticky Note
Trigeminothalamic axons originating from this far caudal region of the medulla carry impulses concerning pain and temperature in the face.

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Line

IDENTIFY
Pencil
Spinothalamic tract (approximate location)
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List several features by which
you can distinguish the Caudal
Medulla (shown here) from the
Rostral Medulla (shown in B-6 to

B-10).

FOLLOW-UP QUESTION

At this level of the Caudal
Medulla be sure you can identify:
- Nucleus gracilis

- Nucleus cuneatus

- Lateral cuneate nucleus

- Spinal trigeminal nucleus

Describe a major OUTPUT of
each of these nuclei. Do those
axons cross the midline on the
way to their synaptic targets?

=

Mid Sagittal



IDENTIFY
Text Box
List several features by which you can distinguish the Caudal Medulla (shown here) from the Rostral Medulla (shown in B-6 to B-10).




CONNECTIONS/FUNCTIONS
Text Box
FOLLOW-UP QUESTION
At this level of the Caudal Medulla be sure you can identify:
- Nucleus gracilis
- Nucleus cuneatus
- Lateral cuneate nucleus 
- Spinal trigeminal nucleus

Describe a major OUTPUT of each of these nuclei. Do those axons cross the midline on the way to their synaptic targets?

CONNECTIONS/FUNCTIONS
Note
Nuclei gracilis and cuneatus send axons across the midline to form the medial lemniscus. This pathway runs rostrally and terminates in the part of the somatosensory thalamus where the body is represented.
The external (lateral) cuneate nucleus sends axons to the cerebellum via the inferior cerebellar peduncle. These cuneocerebellar inputs are uncrossed.
The spinal trigeminal nucleus sends its output to the part of the somatosensory thalamus where the face is represented. Most of these trigeminothalamic fibers cross the midline eventually, but the exact location of the crossing is unclear.

IDENTIFY
Note
You can distinguish this level from the rostral medulla based on: (1) the small size of the ventricular cavity (it's just a tiny central canal), (2) the enormous size of both n. gracilis and n. cuneatus, (3) the absence of the main inferior olivary nucleus with its distinctive folded shape (labeled in B-6 and B-8).

IDENTIFY
Pencil
Lateral (or external) cuneate nucleus.  It is for the upper extremity what the nucleus of Clarke is for the lower extremity -- a nucleus processing mechanosensory information for use by the cerebellum.

IDENTIFY
Pencil
pyramid
(location of the corticospinal tract)

QUESTION: If the circled region is damaged on one side, would you anticipate weakness/paralysis of ipsilateral or contralateral limb muscles? Would proximal (axial) or distal (appendicular) muscles be most affected?

ANSWER: Contralateral paralysis affecting primarily distal limb muscles. It would be accompanied by other signs of UMN weakness such as increased muscle tone, exaggerated reflexes, and a dorsiflexor plantar response.

QUESTION: Would muscles of facial expression be affected or spared?


ANSWER: Spared as no corticobulbar axons are present this far caudal in the brainstem.

IDENTIFY
Pencil
nucleus cuneatus
QUESTION: This nucleus receives input from mechanosensory neurons. Where are the cell bodies of those cells?

ANSWER: In dorsal root ganglia at spinal cord segmental levels T6 and above.

IDENTIFY
Pencil
nucleus gracilis

IDENTIFY
Line
spinal trigeminal nucleus
This region of the nucleus is at the transition between its caudal part (which processes pain and temperature information) and the interpolar part (which deals with crude touch and reflexes, including the corneal reflex).

IDENTIFY
Line
central canal 
This narrow tube is continuous with the central canal of the spinal cord caudally, and with the 4th ventricle rostrally). It presumably contains a tiny amount of CSF; however in adults the canal is plugged with cellular debris and serves no known function.

Text Box
Caudal Medulla

IDENTIFY
Line
anterior spinal artery - branches extend deep into the caudal medulla to supply its medial regions

IDENTIFY
Line
This is probably one of the vertebral arteries. Its circumferential branches supply the more lateral regions of the medulla.
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What is the major role of
this nucleus? What is a
major synaptic target of
its neurons?

Mid Sagittal



IDENTIFY
Pencil
Pyramid - location of corticospinal tract.  
QUESTION: Have corticospinal axons crossed the midline yet, or are they on the same side as their cells of origin in various regions of the cerebral cortex?

ANSWER: They are uncrossed here. If they cross the midline, they will do so in the pyramidal decussation which occurs at the junction of the caudal medulla and the cervical spinal cord.

IDENTIFY
Pencil
This is the spinal trigeminal nucleus - the interpolar part.  
QUESTION: What is its functional role?

ANSWER: It is concerned with crude touch and reflexes involving the ipsilateral face, rather than with pain and temperature sensation like the more caudal parts of the spinal trigeminal nucleus.

IDENTIFY
Pencil
Nucleus cuneatus
QUESTION: Does this nucleus deal with mechanosensory information concerning the arm or the leg? Ipsilateral or contralateral?

ANSWER: Ipsilateral arm

Text Box
Caudal Medulla

IDENTIFY
Pencil
spinothalamic tract
Note that it remains LATERAL in the brainstem, and that it runs close to the spinal tract and nucleus of the trigeminal.
QUESTION: What deficit would neurologic exam reveal if it were damaged?

ANSWER: Loss of pain and temperature sensation on the opposite side of the body.

CONNECTIONS/FUNCTIONS
Pencil
External (lateral) cuneate nucleus

CONNECTIONS/FUNCTIONS
Pencil
The arrow shows the course of one internal arcuate fiber (axon), whose cell body is in nucleus gracilis.  After it crosses the midline, it will join the medial lemniscus and travel to the thalamic nucleus that deals with somatic sensation from the body. Thousands of internal arcuate fibers cross the midline to form the medial lemniscus on each side of the brainstem. Their cell bodies of origin are in nucleus gracilis (leg) and nucleus cuneatus (arm).

CONNECTIONS/FUNCTIONS
Pencil
nucleus gracilis

IDENTIFY
Pencil
Descending (spinal) tract of 5
QUESTION: What deficit would neurologic exam reveal it it were damaged at this level of the brainstem?

ANSWER: Loss of pain and temperature sensation on the same side of the face. Please be sure you understand why.

CONNECTIONS/FUNCTIONS
Text Box
What is the major role of this nucleus? What is a major synaptic target of its neurons?

CONNECTIONS/FUNCTIONS
Sticky Note
The external (also called lateral or accessory) cuneate nucleus receives and processes mechanosensory information conveyed by axons in fasciculus cuneatus. (Yes, many axons in f. cuneatus send collateral branches to the external cuneate nucleus as they travel to the neighboring cuneate nucleus). 

The target of cells in the external cuneate nucleus is the ipsilateral cerebellum, and their cuneocerebellar fibers form part of the inferior cerebellar peduncle.

The mechanosensory information conveyed to the cerebellum from the external cuneate nucleus (or from the nucleus of Clarke) does not reach conscious levels. Instead it is used in motor feedback.

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Pencil
Location of the dorsal spinocerebellar tract. These axons will form part of the  cerebellar peduncle that interconnects the rostral medulla with the cerebellum. Which peduncle is that?


ANSWER: the inferior cerebellar peduncle

IDENTIFY
Polygon
hypoglossal nucleus
(it's just a faint gray shadow here, but in B6-8 it is large and easy to identify.)

IDENTIFY
Polygonal Line
This pale (unstained) region is the location of the spinal trigeminal tract and nucleus (compare with the opposite side of brainstem which is normal).

IDENTIFY
Oval
This region is home to two important nuclei whose boundaries cannot be deciphered in myelin-stained sections:
1. Nucleus solitarius
2. Dorsal motor nucleus of the vagus

MORE INFORMATION:
The nucleus solitarius receives visceral sensory information carried by sensory ganglion cell axons in CN 7,9,10. In the caudal medulla its activities involve mainly cardiac and respiratory functions, and its inputs are primarily from CN 9 and 10. The caudal nucleus solitarius is sometimes referred to as the cardiorespiratory nucleus. By contrast, the rostral part of nucleus solitarius (see  B-8, for example) mediates taste sensation and receives most of its inputs from CN7 (anterior tongue) and CN9 (posterior tongue). The rostral part of nucleus solitarius is also called the gustatory nucleus.

The dorsal motor nucleus of the vagus contains preganglionic parasympathetic cell bodies. Its axons travel in CN10 to autonomic ganglia associated with thoracic and abdominal viscera.

CONNECTIONS/FUNCTIONS
Pencil
Medial lemniscus

The arrow indicates the course of axons originating from cells n. gracilis that form the tract. The axons arc ventrally and cross the midline and then turn and travel rostral.

Axons in the medial lemniscus are arranged so that the most ventral ones (closest to pyramid) represent the contralateral leg while the more dorsal ones represent the contralateral arm. The latter originate from neuronal cell bodies in nucleus cuneatus.
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What would you ask a patient to do if you wanted
to test this nucleus (or its axons)? What would
you predict if these structures were damaged?

FIRST QUESTION
What level of the brainstem is
this? Explain your answer.

Which cranial nerve MOTOR
nuclei are present here (visible
or not so visible)?

What about SENSORY nuclei?

=

What arteries provide the
major blood supply to this
region of the brainstem?

——rr

Symptoms
produced by a
small lateral

What are some of the
functions of this central region
of the brainstem, particularly

lesion in the
medulla might
include loss of
pain and
temperature
sensation in the
same side of the
face and the
opposite side of
the body.
Explain

=

at this level?

Mid Sagittal



IDENTIFY
Text Box
FIRST QUESTION
What level of the brainstem is this? Explain your answer.

IDENTIFY
Note
MOTOR
Hypoglossal nucleus
Nucleus ambiguus
Dorsal motor nucleus of the vagus (parasympathetic)
SENSORY
Spinal trigeminal nucleus (interpolar part)
Nucleus solitarius (also sometimes called nucleus of the tractus solitarius)

CLINICAL
Text Box
What would you ask a patient to do if you wanted to test this nucleus (or its axons)? What would you predict if these structures were damaged?

CLINICAL
Note
To test CN12 (nucleus/nerve):
Observe the tongue. Atrophy or fasciculations would indicate a lower motor neuron lesion. 
Ask the patient to stick the tongue straight out. Normally the tongue protrudes on midline. Deviation of the tongue to one side could be caused by a problem with CN 12 or its nucleus on the SAME side to which the tongue deviates.  (think that through and be sure it makes sense...)
Advanced Clinical Note: milder tongue weakness (without signs of denervation) can be caused by upper motor neuron lesions involving cortical structures or their projections.

IDENTIFY
Note
Rostral Medulla
wide 4th ventricle - not narrow slit-like central canal as seen at more caudal levels of the medulla (B-1 to B-5)
inferior olives prominent
pyramids located ventrally

CONNECTIONS/FUNCTIONS
Text Box
What are some of the functions of this central region of the brainstem, particularly at this level?

CONNECTIONS/FUNCTIONS
Note
These are the approximate boundaries of the Reticular Formation (RF). The RF forms a central core throughout the entire brainstem (Its location is also indicated in B-9, 15, and 18). Structurally it is a network of interwoven nerve fibers (white matter) and nerve cell bodies (gray matter) that is highly interconnected with multiple regions of the CNS. 

Much remains to be learned about the organization and functions of this complex region. However clinical observations provide at least one helpful generalization: rostral parts of the RF are critical for the maintenance of a normal conscious state while caudal parts support key autonomic functions. They also suggest functional redundancy as injury to one side of the RF often produces no symptoms.    

At this level (the medulla), centers in the RF work with cranial nerve nuclei to regulate respiration, heart beat, blood pressure. Therefore if the RF is bilaterally damaged in the medulla, the patient is very likely to die.

IDENTIFY
Pencil
Medial lemniscus
Carries somatosensory information concerned with joint position sense, 2-point discrimination, etc. from the opposite side of the body.

IDENTIFY
Pencil
spinothalamic tract

CLINICAL
Line
Hypoglossal nucleus

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Pencil
Spinal trigeminal tract

IDENTIFY
Text Box
Which cranial nerve MOTOR nuclei are present here (visible or not so visible)?
What about SENSORY nuclei?

CONNECTIONS/FUNCTIONS
Polygon
Reticular formation

CLINICAL
Text Box
Symptoms produced by a small lateral lesion in the medulla might include loss of pain and temperature sensation in the same side of the face and the opposite side of the body. Explain

IDENTIFY
Line
inferior olive
QUESTION: A major synaptic target of cell in the inferior olive is the cerebellar cortex. Do these olivocerebellar fibers cross the midline? Through which cerebellar peduncles do they travel? 

ANSWER: Yes, they cross the midline and form a major part of the inferior cerebellar peduncles.

ADVANCED NOTE ON CEREBELLAR WIRING: Inputs from the inferior olives have a unique role in the circuitry of the cerebellar cortex. They can strongly modulate the activity of the cerebellum because they make direct synaptic contact with Purkinje cells, whose axons provide all the output from the cerebellar cortex to the nuclei within the cerebellum. (More about these cerebellar nuclei and their roles in B-9.)

IDENTIFY
Oval
This is the approximate location of nucleus ambiguus, which is as difficult to identify as its name suggests. It may be helpful to remember that the hypoglossal nucleus (which is easy to see) and nucleus ambiguus (which isn't) are both present at the same level.
QUESTION: The axons of motor neurons in nucleus ambiguus travel in which two cranial nerves?

ANSWER: CN 9,10

CONNECTIONS/FUNCTIONS
Text Box
What arteries provide the major blood supply to this region of the brainstem?

CONNECTIONS/FUNCTIONS
Sticky Note
Paramedian branches of the vertebral arteries provide most of the blood to medial regions of the rostral medulla. Structures supplied by paramedian branches in the rostral medulla include the pyramid, medial lemniscus, and hypoglossal nucleus.

The lateral part of the rostral medulla is supplied by penetrators from lateral branches of  the vertebral artery and   the posterior inferior cerebellar arteries (PICA). Examples of structures that they supply include the spinothalamic tract, nucleus ambiguus, and vestibular nuclei.


CLINICAL
Sticky Note
Loss of pain and temperature sensation in the SAME SIDE of the FACE is likely the result of interrupting the spinal trigeminal tract. This tract is formed primarily by the axons of trigeminal sensory ganglion cells, which are uncrossed. When the tract is disconnected, P&T impulses from that side of the face do not reach the caudal part of the spinal trigeminal nucleus. The loss of pain and temperature sensation is on the OPPOSITE SIDE of the BODY because it is produced by interrupting the spinothalamic tract, whose axons crossed the midline in the spinal cord. 
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| What nucleus containing preganglionic parasympathetic R " 1. What is this structure?

Anatomic Note:
neurons is located in this region?

- 2. It contains axons of which 3 cranial nerves? Trigeminothalamic axons
3. What is the functional importance of the tract originating from cell bodies in
and the nucleus on which its fibers synapse? the caudal part of the spinal
P LY ¥ g | trigeminal nucleus (concerned
: X with pain and temperature in
the face) cross the midline
before they synapse in the
contralateral somatosensory
thalamus. However where
these ascending axons travel
in the medulla, and where they
cross the midline, is not known
for certain.

MORE INFORMATION

Mid Sagittal

“1 If the region in red were infarcted by blockage of
a paramedian artery, what signs and symptoms
do you predict the patient would show - damage
to what anatomic structure accounts for each?



CLINICAL
Text Box
If the region in red were infarcted by blockage of a paramedian artery, what signs and symptoms do you predict the patient would show - damage to what anatomic structure accounts for each?

CONNECTIONS/FUNCTIONS
Text Box
1. What is this structure?
2. It contains axons of which 3 cranial nerves?
3. What is the functional importance of the tract
    and the nucleus on which its fibers synapse?

CLINICAL
Note
Upper motor neuron paralysis of the contralateral distal arm and leg. (Trunk and proximal limb muscles largely spared). This reflects damage to corticospinal axons in the pyramid. In addition, ipsilateral lower motor neuron paralysis of intrinsic tongue muscles. There would be atrophy of tongue muscles and the tongue would deviate TO the side of the lesion This reflects damage to CN12 axons. 

There might also be loss of joint position sense particularly in the contralateral leg. What additional tract would that suggest was partially involved?

ANSWER: medial lemniscus (leg region)

CLINICAL
Oval

CONNECTIONS/FUNCTIONS
Note
1.Tractus solitarius
2. CN 7,9,10
3. These structures are important in visceral sensation generally, and for the sense of taste.

Text Box
Rostral Medulla

CONNECTIONS/FUNCTIONS
Line

CONNECTIONS/FUNCTIONS
Text Box
Anatomic Note: 
Trigeminothalamic axons  originating from cell bodies in the caudal part of the spinal trigeminal nucleus (concerned with pain and temperature in the face) cross the midline before they synapse in the contralateral somatosensory thalamus. However where these ascending axons travel in the medulla, and where they cross the midline, is not known for certain. 

MORE INFORMATION


IDENTIFY
Text Box
What nucleus containing preganglionic parasympathetic neurons is located in this region?

IDENTIFY
Line
Dorsal motor nucleus of the vagus
It contains many preganglionic parasympathetic cell bodies whose axons travel in the vagus and synapse in the small parasympathetic ganglia associated with thoracic and abdominal viscera. By the way, nucleus ambiguus also contains parasympathetic cells whose axons travel in the vagus and synapse mainly in tiny parasympathetic ganglia in the cardiac plexus or in the walls of the atria. 
QUESTION: What other large neurons also have their cell bodies in nucleus ambiguus? What structures do they innervate?


ANSWER: Most of nucleus ambiguus is composed of large motor neuron cell bodies whose axons travel in the vagus and synapse directly on skeletal muscles of the pharynx, larynx and soft palate.

IDENTIFY
Pencil
The arrow indicates the approximate course of CN12 axons.
The arrow head points to rootlets of CN12 that are attached to the brainstem  

IDENTIFY
Line

IDENTIFY
Text Box
X
X
X
X

IDENTIFY
Line
raphe nuclei
A series of raphe nuclei extends through the  brainstem, forming a sort of seam (raphe) at its midline. Experts can identify specific raphe nuclei, but for future clinicians the important thing to know is that the raphe nuclei collectively provide most of the serotonergic input to the entire CNS. The raphe nuclei of the medulla and caudal pons are implicated in pain modulation at the level of the spinal cord. Raphe nuclei in the rostral pons and midbrain project throughout the forebrain and appear to have some poorly-understood role in impulse control and mental stability.

CONNECTIONS/FUNCTIONS
Sticky Note
Clinical Observations in Brainstem Stroke Survivors: Strokes damaging the lateral medulla tend to produce ipsilateral loss of pain and temperature in the face. However strokes damaging the lateral rostral pons or midbrain tend to produce a contralateral loss. This suggests either that  trigeminothalamic fibers ascend uncrossed in the medulla, OR that they cross in the medulla, but then ascend in its medial region. However in the rostral pons and above, it is clear the fibers are crossed AND have a lateral location.
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Rostral Medulla

Can you name some of the individual tracts or fibers
that together make up the circled structure?

A lesion here produces problems
with pain and temperature
sensation. What parts of the
patient would be affected, and

| what tracts have been damaged

to account for those problems.

The same lesion would likely

. | produce a hoarse voice,

difficulty swallowing, and
perhaps paralysis of one vocal

“Jcord. Why?

The same lesion also produces
uncoordinated movements of
the arm and leg on one side,
and an unsteady gait. Why is
this? Do you predict that the
ATAXIA on movement of the
extremities would occur on the
same side as the lesion or on

)

the opposite side?

Mid Sagittal

! 1 e Posterior inferior cerebellar artery, a major branch of the vertebral artery. While blockage of this
m&}y. bl branch could infarct the region shown in red, clinical evidence suggests that most lateral medullary
strokes are caused by thrombosis of the ipsilateral vertebral artery itself. More info: StrokeSTOP



IDENTIFY
Pencil
Inferior olive
This brainstem nucleus has a central role in cerebellar circuitry. 

ADVANCED INFORMATION: One of its major inputs is from the red nucleus  Many of its cells project axons to the contralateral cerebellar cortex, and strongly modulate its activity. This looks like some sort of complex feedback circuit: cerebellum -->red nucleus -->inferior olives -->cerebellum. Would that we understood its precise function.

IDENTIFY
Pencil
Hypoglossal nucleus

CONNECTIONS/FUNCTIONS
Pencil
inferior cerebellar peduncle is forming here

CONNECTIONS/FUNCTIONS
Text Box
Can you name some of the individual tracts or fibers that together make up the circled structure? 

CONNECTIONS/FUNCTIONS
Note
Major tracts that together form the inferior cerebellar peduncle include:
Dorsal spinocerebellar tract (from Clarke's nucleus)
Cuneocerebellar tract (from the lateral cuneate nucleus)
Olivocerebellar fibers (from the contralateral inferior olive)
Two-way connections between the vestibular nuclei and vestibular parts of cerebellum 
Two way connections with nuclei of the reticular formation that have roles in posture and gait 

CLINICAL
Text Box
A lesion here produces problems with pain and temperature sensation. What parts of the patient would be affected, and what tracts have been damaged to account for those problems.



CLINICAL
Text Box
The same lesion would likely produce a hoarse voice, difficulty swallowing, and perhaps paralysis of one vocal cord.  Why?

CLINICAL
Note
Patient will lose pain and temperature sensation on the opposite side of the body (spinothalamic tract) and on the same side of the face (descending tract of 5).  This is sometimes referred to as "crossed pain and temperature impairment" and is seen in lateral lesions of the caudal pons and of the medulla.

CLINICAL
Note
The nucleus ambiguus is located within the lesion. It contains the cell bodies of motor neurons whose axons exit in CN10 (some in CN9) and innervate muscles of the pharynx, larynx, and soft palate. (A lesion in this location could also damage the axons of CN9 and CN10.)

CLINICAL
Text Box
Posterior inferior cerebellar artery, a major branch of the vertebral artery.  While blockage of this branch could infarct the region shown in red, clinical evidence suggests that most lateral medullary strokes are caused by thrombosis of the ipsilateral vertebral artery itself. More info: StrokeSTOP 

CLINICAL
Line

IDENTIFY
Pencil
Vestibular nuclei
There are 4 vestibular nuclei on each side of the brainstem. They can be identified individually, and assigned particular functions based on their connections. However for most clinical purposes they can be lumped together as the "vestibular nuclei." Collectively they detect movements of the head, and help organize compensatory adjustments of posture, muscle tone, and position of the eyes (vestibulo-ocular reflexes). Via connections with the sensory thalamus they also provide inputs to the cerebral cortex about our head and body position.

The vestibular system works closely with the cerebellum, so closely in fact that the vestibular nuclei actually serve as the cerebellar nuclei for the vestibular parts of the cerebellum.

Text Box
Rostral Medulla

CLINICAL
Line

CLINICAL
Text Box
The same lesion also produces
uncoordinated movements of the arm and leg on one side,  and an unsteady gait. Why is this? Do you predict that the  ATAXIA on movement of the extremities would occur on the same side as the lesion or on the opposite side?

CLINICAL
Note
In this case, the observed appendicular ataxia suggests that the cerebellum or cerebellar pathways are involved. The lesion damages part of the inferior cerebellar peduncle. The arm and leg on the SAME side would be ataxic.
Unsteady gait (truncal ataxia) also fits with involvement of the inferior cerebellar peduncle. (Keep in mind that in other circumstances unsteady gait can be caused by damage to structures other than the cerebellum and its connections, including the corticospinal tract or even to parts of the sensory system)

CONNECTIONS/FUNCTIONS
Line

CLINICAL
Polygon

IDENTIFY
Pencil
Medial lemniscus
Axons of the medial lemniscus will synapse in the somatosensory thalamic nucleus that represents the body (ventral posterolateral nucleus or VPL for short).

IDENTIFY
Line
solitary tract (tractus solitarius if you prefer the Latin version...)

IDENTIFY
Polygon
choroid plexus in the roof of the 4th ventricle
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This arrow pointsto ~ * & -

part of the midline A
cerebellum (vermis)
called the nodulus.
Circled in yellow in the
inferior part of each
cerebellar hemisphere
is the flocculus. The
flocculonodular lobe
(a combined term for
these regions of
cerebellar cortex) is
important in vestibulo-
ocular control.

The 3 pairs of cerebellar nuclei (and vestibular e No, the brainstem doesn't

B nuclei) are the source of all OUTPUTS from the .-~ .| suddenly shrink in the Rostral
cerebellum. Name each cerebellar nucleus indicated >" Medulla. The image

by the red arrows, and say a little about its I magnification has been

8 connections and functions. ; reduced so the field can
include the cerebellum.

Mid Sagittal

M}, ; '_ - A cranial nerve attached to the lateral brainstem.
Figaersd At this level, what are the two possibilities?



IDENTIFY
Pencil
Inferior cerebellar peduncle

IDENTIFY
Pencil
Cochlear nuclei (both dorsal and ventral)  
QUESTION: What deficit would you predict if these nuclei are destroyed on one side?

ANSWER: deafness in that ear
QUESTION: Damage to what other structures could produce a similar unilateral hearing loss?

ANSWER: auditory canal, middle ear,  Organ of Corti, CN8. Unilateral deafness is not produced by unilateral lesions of the auditory pathway in the CNS beyond the cochlear nuclei, as there are multiple crossings in the system. 

IDENTIFY
Text Box
A cranial nerve attached to the lateral brainstem. 
At this level, what are the two possibilities?

IDENTIFY
Note
CN9 or CN10

CONNECTIONS/FUNCTIONS
Line
Dentate nucleus 
This nucleus, which is the largest and most lateral of the cerebellar nuclei, receives most of its input from the lateral hemisphere of the cerebellum. Its connections are mostly with the contralateral motor thalamus (specifically the ventrolateral nucleus or VL), and with the parvocellular part of the contralateral red nucleus (which in turns sends axons to the inferior olive). 

The dentate nuclei (and the enormous lateral hemispheres of the cerebellum) have a role in motor planning and motor learning. These structures are activated every time you hop on your bicycle and your motor system needs to access your previously learned  "bicycle-riding program."  
QUESTION: Axons originating from cell bodies in the dentate nuclei form the bulk of which cerebellar peduncle?

ANSWER: superior

CONNECTIONS/FUNCTIONS
Line
Fastigial nucleus  
This nucleus, which is located close to the midline of the cerebellum, receives most of its input from the vermis (the most medial part of cerebellar cortex). Its connections are mostly with the  reticular formation and vestibular nuclei (although there is also a small projection to the motor thalamus). 

The fastigial nuclei and vestibular nuclei (and the vermis and flocculonodular lobe of the cerebellum) help coordinate proximal trunk movements and influence vestibulo-ocular control. 

IDENTIFY
Line
nodulus

IDENTIFY
Text Box
This arrow points to part of the midline
cerebellum (vermis) called the nodulus. Circled in yellow in the inferior part of each cerebellar hemisphere is the flocculus. The flocculonodular lobe
(a combined term for these regions of cerebellar cortex) is important in vestibulo-ocular control.

IDENTIFY
Pencil
flocculus

IDENTIFY
Pencil
flocculus

IDENTIFY
Line

Text Box
Rostral Medulla

IDENTIFY
Line
vestibular nuclei
They are located medial to the cochlear nuclei

Text Box
No, the brainstem doesn't suddenly shrink in the Rostral Medulla. The image magnification has been reduced so the field can include the cerebellum.

CONNECTIONS/FUNCTIONS
Text Box
The 3 pairs of cerebellar nuclei (and vestibular nuclei) are the source of all OUTPUTS from the cerebellum. Name each cerebellar nucleus indicated by the red arrows, and say a little about its connections and functions.

CONNECTIONS/FUNCTIONS
Line

CONNECTIONS/FUNCTIONS
Line
Interposed nuclei
This is the collective name given to the 2 in-between cerebellar nuclei that receive most of the their input from the intermediate (or paravermal) part of the cerebellar hemisphere. Their connections are mostly with the contralateral motor thalamus and with the magnocellular part of the contralateral red nucleus (which gives rise to the rubrospinal tract - a small and poorly understood pathway in humans). 

The interposed nuclei (and the intermediate region of the cerebellar hemisphere) are involved in controlling the ongoing movements of appendicular (distal) limb muscles.

IDENTIFY
Polygon
choroid plexus extending into the lateral recess of the 4th ventricle. 

IDENTIFY
Polygonal Line
reticular formation
(boundaries are approximate)
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Rostral Medulla

Assume that this is CN9.
What are the major

functions of its motor
- and sensory axons?

Damage to the cerebellum, or
one of its peduncles, or to
cerebellar circuitry in the
brainstem can all produce
ataxia. What does this clinical

term mean?

The blue double-headed
arrow indicates one of the
cerebellar peduncles. Which
one?

In general, what structures

does it interconnect?

A lesion involving one inferior
cerebellar peduncle is likely to
produce both truncal (proximal)
and appendicular (distal)
ataxia. Explain why. Will the
appendicular ataxia be
ipsilateral or contralateral to the
lesion? Explain this as well

Mid Sagittal



CONNECTIONS/FUNCTIONS
Line

CONNECTIONS/FUNCTIONS
Text Box
The blue double-headed arrow indicates one of the cerebellar peduncles. Which one? 
In general, what structures does it interconnect?

CONNECTIONS/FUNCTIONS
Note
The inferior cerebellar peduncle is made up primarily of fibers carrying information back and forth between the cerebellum and nuclei located in the spinal cord and medulla. (CN8 fibers carrying vestibular information directly to vestibular parts of the cerebellum also comprise part of the inferior peduncle.)

CONNECTIONS/FUNCTIONS
Line
inferior cerebellar peduncle

IDENTIFY
Pencil
Pyramid
Location of the corticospinal tract in the medulla

CLINICAL
Text Box
Damage to the cerebellum, or one of its peduncles, or to cerebellar circuitry in the brainstem can all produce ataxia. What does this clinical term mean? 

Text Box
Rostral Medulla

CLINICAL
Text Box
A lesion involving one inferior cerebellar peduncle is likely to produce both truncal (proximal) and appendicular (distal) ataxia. Explain why. Will the appendicular ataxia be ipsilateral or contralateral to the lesion? Explain this as well

CLINICAL
Sticky Note
Ataxia literally means lack of order (a- not + taktos- to order). The contractions of agonist and antagonist muscles around a single joint are disordered. In addition, the coordination between movements at the different joints in a limb is disordered. As a result, even relatively simple movements are no longer normal.

CLINICAL
Sticky Note
Connections of the vermis and of the intermediate (paravermal) region of the cerebellum will both be damaged by a lesion of the inferior peduncle. This is reflected by the patient's symptoms, which include both truncal and appendicular ataxia.

Inputs to (and outputs from) the intermediate region of the cerebellum on one side concern primarily the IPSILATERAL distal limb. 

Clinical Note: Unilateral lesions in the paravermal cerebellum, or in the inferior and middle cerebellar peduncles, or in the superior cerebellar peduncle before it decussates in the midbrain will all produce ipsilateral appendicular ataxia.

IDENTIFY
Line
Dentate nucleus
Cells located here give rise to many, though not all, of the axons that make up the superior cerebellar peduncle.

IDENTIFY
Pencil
spinal trigeminal nucleus (interpolar part that deals with crude touch on the ipsilateral face and the corneal reflex)
The spinal trigeminal TRACT is lateral to the nucleus. 
QUESTION: If you damage the nucleus and tract at this level, the patient's symptoms will include loss of pain and temperature sensation in the ipsilateral face. Why?

ANSWER: The spinal tract contains axons of CN7,9, and 10 carrying pain and temperature information to the caudal part of the spinal nucleus, which is located in the caudal medulla. Sensation is lost if these axons are interrupted.

IDENTIFY
Pencil
cochlear nucleus (ventral)

CONNECTIONS/FUNCTIONS
Text Box
Assume that this is CN9. What are the major functions of its motor and sensory axons?   

CONNECTIONS/FUNCTIONS
Sticky Note
MOTOR:
- to stylopharyngeus muscle
AUTONOMIC (parasympathetic)
- to otic ganglion (parotid gland)
SENSORY
- somatic from middle ear, pharynx, 
   posterior tongue, and skin behind 
   ear
- taste from posterior 1/3 of tongue
- inputs from the carotid body

IDENTIFY
Pencil
spinothalamic tract (approximate location)

IDENTIFY
Polygonal Line
This huge collection of axons originating from neuronal cell bodies in the dentate and interposed nuclei will form most of the superior cerebellar peduncle. The axons will cross the midline in the caudal midbrain.
QUESTION: Name two of their important synaptic targets.

ANSWER: the red nucleus and the motor thalamus (the ventral anterior and ventral lateral thalamic nuclei).
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Medulla/Pons

Describe some of the
deficits associated with
cerebellar lesions lateral to
the vermis.

ol

Describe some of the
deficits associated with
midline cerebellar lesions
(lesions of the vermis)

_v/

Name one structure that
provides synaptic input
TO this nucleus, and one
structure (actually the
only structure!) that
receives input FROM it.

— =

Describe the facial paralysis produced by damage
to this nucleus or its axons. Recall that this is an

example of lower motor neuron paralysis.

Describe the facial paralysis that commonly occurs
e : after a unilateral lesion in the face area of the
N o primary motor cortex.

This section is at the transition
between the medulla and pons.
Because of the plane of section
(see diagram below), it includes
structures associated with the
pons (like the abducens
nucleus) caudally, and
structures characteristic of the
medulla (like the inferior olives)
more ventrally.

Mid Sagittal



Text Box
This section is at the transition between the medulla and pons. Because of the plane of section (see diagram below), it includes structures associated with the pons (like the abducens nucleus) caudally, and structures characteristic of the medulla (like the inferior olives) more ventrally. 


IDENTIFY
Pencil
Abducens nucleus (CN6)

Text Box
 Medulla/Pons

CLINICAL
Line
vestibular nuclei
Clinical Note: Damage to the vestibular nuclei or cerebellum can produce vertigo (a sensation that the world is spinning or that stationary objects are moving.) Patients are unlikely to tell you they are experiencing vertigo. More often they will report feeling "dizzy" and you will need to figure out just what they mean. Do they feel unsteady? Do they mean they feel light-headed or faint? Are things "spinning around"? Do they also have other symptoms?

The most likely cause of true vertigo is a problem in the inner ear. However vertigo can also suggest a brainstem or cerebellar stroke (an ischemic event or hemorrhage). Both are Medical Emergencies where your intervention could save a life.  A symptom like dizziness or vertigo can present a diagnostic challenge for a seasoned clinician as well as for a first-year medical student!

CLINICAL
Text Box
Describe some of the deficits associated with midline cerebellar lesions (lesions of the vermis)

CLINICAL
Text Box
Describe some of the deficits associated with  cerebellar lesions lateral to the vermis.

CLINICAL
Sticky Note
Midline lesions tend to produce truncal ataxia (expressed as abnormalities of posture, stance, balance, and gait) and eye movement problems. Usually the motor deficits involve proximal muscles bilaterally. 
QUESTION: Can you think of a good test that demonstrates truncal ataxia?

ANSWER: Heel-to-toe walking would be one good answer.

CLINICAL
Sticky Note
These lesions typically produce ataxia of the IPSILATERAL arm and leg (appendicular ataxia). Movements are uncoordinated and clumsy. Typically the timing or rhythm of movements is abnormal (dysrhythmia). Additionally, movements are irregular, and there may be several successive cycles of overshooting then undershooting the desired target (dysmetria). 
QUESTION: Can you name several tests for appendicular ataxia?


ANSWER: finger-to-nose test; heel-to-shin test; tasks in which patient is asked to rapidly tap the hand on the thigh or foot on floor; tasks in which patient is asked to make rapid alternating movements

CLINICAL
Pencil
facial nucleus (CN7)

IDENTIFY
Oval
The spinal trigeminal tract and the interpolar part of the spinal trigeminal nucleus are both present in this approximate location.

Note that the abducens and facial nuclei are both medial to trigeminal sensory components. Motor is Medial should be your motto when thinking about brainstem cranial nerve nuclei.

CONNECTIONS/FUNCTIONS
Text Box
Name one structure that provides synaptic input TO this nucleus, and one structure (actually the only structure!) that receives input FROM it. 

CONNECTIONS/FUNCTIONS
Sticky Note
Inputs TO the inferior olives come from the ipsilateral red nucleus (its parvocellular part), as well as from the spinal cord, brainstem, cerebral cortex and probably other structures. The inferior olives have a single synaptic target: the contralateral cerebellum. Olivocerebellar axons cross the midline of the brainstem, join the inferior cerebellar peduncle, and ultimately synapse throughout the cerebellum. 

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Pencil
Medial lemniscus

CLINICAL
Text Box
Describe the facial paralysis produced by damage to this nucleus or its axons. Recall that this is an example of lower motor neuron paralysis.

CLINICAL
Line

CLINICAL
Sticky Note
Muscles of facial expression will be paralyzed on the ENTIRE ipsilateral side of the face. The face droops, and the patient will be unable to raise the eyebrows or to smile symmetrically. This is lower motor neuron paralysis, and if it is long-standing, denervation atrophy of facial muscles will further contribute to the ipsilateral drooping appearance of the face. 

QUESTION: What would you predict would happen if you tested the patient's corneal reflex on the affected side? Explain.

ANSWER: You'd expect the reflex to be decreased in the ipsilateral eye, although the stimulus might produce a blink of the contralateral eye. The afferent limb of this multisynaptic reflex involves the trigeminal nerve and its sensory nuclei, as well as the neighboring reticular formation. The efferent limb involves motor neurons of the facial nucleus that innervate orbicularis oculi muscles. Most relatively strong stimuli normally elicit  bilateral blinks. If the facial nucleus is damaged, no reflex can be elicited since the efferent limb of the arc has been disconnected.

CLINICAL
Text Box
Describe the facial paralysis that commonly occurs after a unilateral lesion in the face area of the primary motor cortex. 

CLINICAL
Sticky Note
A lesion in the face area of the primary motor cortex (or in the corticobulbar fibers that connect it to motor neurons in the facial nucleus) typically causes contralateral paralysis of the muscles of facial expression in the inferior part of the face. By contrast, the forehead is spared and the orbicularis oculi muscles are mildly affected. 

Why does the facial weakness caused by unilateral upper motor neuron lesions spare the superior face? The traditional explanation is that motor neurons in the facial nucleus that innervate superior face muscles receive cortical projections from BOTH sides of the primary motor cortex, while the motor neurons that innervate inferior face muscles get cortical input from ONLY the contralateral side. 

ADVANCED INFORMATION: Recent studies demonstrate multiple cortical face areas and suggest that each directs the movement of just part of the face via its connections with the appropriate motor neurons within the facial nucleus. The primary motor cortex directs movement of only the contralateral perioral facial muscles; other cortical regions on the medial surface of the hemisphere direct movement of the frontalis and orbicularis oculi muscles through bilateral projections to both facial motor nuclei. 

This concept may explain another clinical observation: after a stroke has damaged the primary motor cortex, the patient may be unable to smile symmetrically when you ask him to, but will grin normally when you tell him a good joke. Your joke may have activated one of the cortical face areas that is tied to the emotional system, and remains intact.
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Symptoms produced by a
lateral lesion in the medulla or
in the other regions of the
brainstem may include an
ipsilateral slightly droopy
upper eyelid (ptosis), small
pupil (miosis), and impaired
sweating on the side of the
face and neck (anhidrosis).

What is the name of this
clinical syndrome, and how
could a lateral brainstem
lesion produce it? Remember
that there aren't any
preganglionic sympathetic
neurons in the brainstem.
They're all located in the
intermediolateral cell column
of the T1 to L2,3 spinal cord.

=

Describe where the axons of motor
neurons in the facial nucleus travel
within the brainstem prior to exiting
as part of CN7

Jis | o Mid Sagittal



IDENTIFY
Pencil
efferent fibers of the superior cerebellar peduncle - still within the cerebellum

IDENTIFY
Pencil
6th nerve nucleus
Recall it contains not only motor neurons but also a second set of interneurons that connect to the 3rd nerve nucleus and are essential for lateral gaze. 

IDENTIFY
Pencil
Facial nucleus (motor)

Text Box
Medulla/Pons

CONNECTIONS/FUNCTIONS
Text Box
Describe where the axons of motor neurons in the facial nucleus travel  within the brainstem prior to exiting as part of CN7

CONNECTIONS/FUNCTIONS
Note
The motor axons of CN7 initially travel dorsally and loop around the abducens nucleus before joining with other components of CN7 and leaving the brainstem in a ventrolateral position. 
QUESTION: So what are these additional parasympathetic and sensory components of the facial nerve?
ANSWER: Parasympathetic preganglionic axons travel in CN7 to the sphenopalatine ganglion (which sends postganglionic axons to the lacrimal glands) and to the submandibular ganglion (which sends postganglionic axons to the submandibular and submaxillary salivary glands). 
The facial nerve also mediates taste sensation at the tip of the tongue (anterior 2/3). Finally it supplies a small patch of skin behind the ear (together with CN9 and CN10), and in the external ear canal. 

CLINICAL
Text Box
Symptoms produced by a lateral lesion in the medulla or in the other regions of the brainstem may include an ipsilateral slightly droopy upper eyelid (ptosis),  small pupil (miosis), and impaired sweating on the side of the face and neck (anhidrosis). 

What is the name of this clinical syndrome, and how could a lateral brainstem lesion produce it? Remember that there aren't any preganglionic sympathetic neurons in the brainstem. They're all located in the intermediolateral cell column of the T1 to L2,3 spinal cord.

CLINICAL
Sticky Note
Miosis, ptosis and facial anhidrosis are collectively known as Horner's syndrome.

Preganglionic sympathetic neurons in the T1-T3 spinal cord receive powerful inputs from the hypothalamus and the brainstem reticular formation. This descending sympathetic control pathway travels through the entire brainstem and cervical spinal cord in a lateral location, close to the spinothalamic tract. If it is interrupted, the ipsilateral T1-3 intermediolateral neurons do not function properly, producing ipsilateral symptoms. 

Pathway for Sympathetic inputs to Eye and Face: 
The descending control pathway activates preganglionic neurons in the T1-3 intermediolateral column. Axons of these neurons travel through the ventral roots and white rami communicantes, ascend through the cervical sympathetic trunk, and activate neurons in the superior cervical ganglion. Their postganglionic axons travel along the external and internal carotid arteries carrying impulses to pupillary dilator muscle, smooth muscle in the upper eyelid, and facial sweat glands.

IDENTIFY
Pencil
medial lemniscus

IDENTIFY
Line
Motor axons of CN7
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What arteries provide the
major blood supply to this
= | [|region of the brainstem?

Imagine a lesion in this location on the RIGHT - -

side of the brain. What signs and symptoms
do you predict the patient would have?
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#§ 1. What cranial nerve is this?

£ 2. What skeletal muscle(s) do its axons innervate? Are they
§ located on the same or the opposite side of the patient?

# 3. What additional autonomic and sensory fibers does the

B nerve contain?

Mid Sagittal

= )
CLINICAL PROBLEM
How does a lesion involving the green area on the right
side of the brain explain each of this patient's findings?
1. Weakness of the left arm and leg, with hyperreflexia,
increased muscle tone, and a dorsiflexor plantar
response.
2. Inability to abduct the right eye



CLINICAL
Oval
abducens nucleus

CLINICAL
Text Box
Imagine a lesion in this location on the RIGHT side of the brain. What signs and symptoms do you predict the patient would have?

CLINICAL
Note
The patient is unable to perform congugate lateral (horizontal gaze) to the right. Neither eye will move past the midpoint. This is because the 6th nerve nucleus contains the cell bodies of (1) motor neurons that innervate the lateral rectus, and (2) interneurons that project via the MLF to the contralateral 3rd nerve nucleus (and activate motor neurons innervating the medial rectus muscle). 

In addition, the entire right side of the patient's face will be paralyzed. This LMN facial paralysis is the result of damaging motor axons of CN7 which travel dorsal and medial, and loop-de-doodle around the 6th nerve nucleus before they join with other types of CN7 fibers and leave the brainstem in a ventrolateral position.

CLINICAL
Line

CONNECTIONS/FUNCTIONS
Text Box
1. What cranial nerve is this?
2. What skeletal muscle(s) do its axons innervate? Are they located on the same or the opposite side of the patient?
3. What additional autonomic and sensory fibers does the nerve contain?

Read more about clinical problems involving this nerve


CONNECTIONS/FUNCTIONS
Line

CONNECTIONS/FUNCTIONS
Note
1. CN7
2. Innvervates muscles of facial expression in both superior and inferior parts of the face. These muscles enable the patient to wrinkle the forehead, tightly shut the eyes, show the teeth, and smile. It also innervates the stapedius muscle in the middle ear. Like most (but not all) motor axons, those traveling in CN7 innervate structures on the SAME side of the body.
3. Autonomic fibers: Preganglionic parasympathetic axons that synapse in ganglia whose postganglionic fibers project to the lacrimal glands and to the salivary glands (except parotid). 
Sensory fibers: Axons carrying taste sensation from the tip of the tongue, and pain sensation from the ear canal and skin behind the ear.

CLINICAL
Oval

CLINICAL
Text Box
CLINICAL PROBLEM
How does a lesion involving the green area on the right side of the brain explain each of this patient's findings?
1. Weakness of the left arm and leg, with hyperreflexia, increased muscle tone, and a dorsiflexor plantar response.
2. Inability to abduct the right eye

CLINICAL
Note
1. The corticospinal tract is included in the lesion. Since its axons will cross the midline before synapsing on motor neurons innervating distal muscles, weakness will be on the left. Patients may also be dysarthric (have difficulty speaking clearly) from this kind of lesion. This suggests that some corticobulbar fibers could be involved.

2. The inability to aBduct the right eye indicates that CN6, whose fibers exit close to the pyramidal tract, is damaged.

Text Box
Caudal Pons

IDENTIFY
Line
Vestibular nuclei are located in this area.
The vestibular nuclear complex (4 nuclei) extends from the medulla through the mid pons. 

IDENTIFY
Oval
Spinal trigeminal tract and interpolar part of the spinal trigeminal nucleus (in this approximate location)

IDENTIFY
Oval
facial nucleus

IDENTIFY
Line
approximate location of the spinothalamic tract

CONNECTIONS/FUNCTIONS
Text Box
What arteries provide the major blood supply to this region of the brainstem?

CONNECTIONS/FUNCTIONS
Sticky Note
In the caudal pons, medial regions are supplied by paramedian branches of the basilar (see B-14). Lateral regions are supplied by AICA and other circumferential branches that are sometimes called just "lateral pontine arteries."
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d

What is this enormous mass of gray matter?
What structure provides its major input?
Neuron cell bodies in the gray matter send
their axons in a trajectory outlined by the

. blue arrow. What is their synaptic target?

Mid Sagittal



IDENTIFY
Line
This is the trapezoid body, which is one of many places in the central auditory pathway where fibers cross the midline. The existence of multiple crossings explains why a unilateral  lesion in central auditory structures rostral to the cochlear nuclei does not produce unilateral deafness.

Clinical Note: If you have a patient who is deaf in one ear, the cause could be  damage to neural structures (sensorineural hearing loss) or to structures of the outer or middle ear (conductive hearing loss). Sensorineural hearing loss affecting one ear can be caused by brainstem injury affecting the ipsilateral cochlear nuclei, but is far more often the result of damage to the 8th nerve or to the cochlea itself. Conductive hearing loss can be caused by a number of problems including cerumen (that's earwax) plugging the external auditory canal, malfunction of the middle ear ossicles, and puncture of the tympanic membrane.   

IDENTIFY
Pencil
Superior cerebellar peduncle

CONNECTIONS/FUNCTIONS
Pencil

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Pencil
corticospinal, corticobulbar, and corticopontine axons

IDENTIFY
Line
Basilar artery
Paramedian branches of the basilar penetrate into the pons and nourish its medial regions, including the corticospinal tract and corticobulbar fibers traveling ventromedially in what we often refer to as "the base of the pons."

CONNECTIONS/FUNCTIONS
Text Box
What is this enormous mass of gray matter? What structure provides its major input? Neuron cell bodies in the gray matter send their axons in a trajectory outlined by the blue arrow. What is their synaptic target? 


CONNECTIONS/FUNCTIONS
Note
All this gray matter is referred to as the pontine nuclei, or griseum pontis if you prefer Latin terminology. These nuclei receive input primarily from ipsilateral frontal, parietal, temporal and occipital cerebral cortex via corticopontine fibers. The primary synaptic target of the pontine nuclei is the contralateral cerebellum. Their axons (pontocerebellar fibers) cross the midline of the pons and travel lateral to form the two massive middle cerebellar peduncles. 

Each middle cerebellar peduncle conveys information originating from the ipsilateral cerebral cortex (and transformed by the pontine nuclei) to the contralateral cerebellum. This crossing makes sense: a given side of the cerebellum provides feedback control of movement on the ipsilateral side of the body - but this movement is primarily planned and generated by activity in the contralateral cerebral cortex. 

CONNECTIONS/FUNCTIONS
Line

IDENTIFY
Pencil
corticospinal and corticobulbar axons; also corticopontine axons, which will synapse on cells of the nearby pontine nuclei (griseum pontis)

Text Box
Mid Pons

CONNECTIONS/FUNCTIONS
Pencil

IDENTIFY
Line
superior olives
The superior olives are one of several intermediate processing stations for auditory information located in the pons. (Others include nuclei of the trapezoid body and lateral lemniscus). The idea that extensive and bilateral processing of auditory information occurs within the brainstem is important, but identifying the individual intermediate pontine auditory nuclei has limited clinical application at present.

IDENTIFY
Line
medial lemniscus
Axons of the medial lemniscus  travel rostral through the brainstem to the somatosensory thalamus. At this level, they are intersected by axons of the auditory system that are crossing the midline.  There is apparently no interaction between the two sets of axons, although they are in close proximity.

IDENTIFY
Line
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Mid Pons

Main Sensory Nucleus of 5 \
Receives input from CN5 that is critical for 2-point discrimination on the ipsilateral face.

Recall that CN5 ganglion cell axons carrying information about pain and temperature on
the face turn and run caudally in the spinal trigeminal tract. Their synaptic target is the
caudal part of the spinal trigeminal nucleus, which is located in the caudal medulla.
(review its location in B-1,2).

Y

,,‘ The presence of a prominent jaw jerk reflex is

The Jaw Jerk is the only monosynaptic "stretch"
reflex that can be elicited in the head.

.

" %] ABNORMAL. It is a sign of hyperreflexia usually
associated with bilateral lesions in upper motor
neuron pathways.

| What axons form the afferent (sensory) limb of the
.| reflex? Where are their cell bodies of origin?

What axons form the efferent (motor) limb of the
reflex? Where are their cell bodies of origin?

What arteries provide the
major blood supply to this
region of the brainstem?

Mid Sagittal



IDENTIFY
Pencil
Motor nucleus of 5. It is also present on the other side of the brainstem, but is much smaller (perhaps a consequence of the trigeminal injury this patient suffered). Note that the Motor trigeminal nucleus is Medial to the main sensory nucleus (outlined in blue).

IDENTIFY
Line
These little "devil's horns" are actually the heavily myelinated peripheral and central processes of the trigeminal ganglion cells that form the afferent limb of the jaw jerk, among other things. The axons are sometimes called the mesencephalic tract of the trigeminal. The ganglion cell bodies  form the mesencephalic nucleus of the trigeminal that extends from the pons into the midbrain (hence the name mesencephalic nucleus). This nucleus is the one and only example of sensory ganglion cell bodies that are located INSIDE the CNS.  The most important things for you to know about the mesencephalic tract and nucleus of the trigeminal are contained in the note about about the Jaw Jerk.

IDENTIFY
Line
Medial longitudinal fasciculus (MLF, for short).

QUESTION: Can you name two gray matter structures whose axons collectively form the MLF?

ANSWER: Abducens nucleus and vestibular nuclei

CONNECTIONS/FUNCTIONS
Text Box
The Jaw Jerk is the only monosynaptic "stretch"
reflex that can be elicited in the head.

The presence of a prominent jaw jerk reflex is ABNORMAL. It is a sign of hyperreflexia usually associated with bilateral lesions in upper motor neuron pathways.
 
What axons form the afferent (sensory) limb of the reflex? Where are their cell bodies of origin?

What axons form the efferent (motor) limb of the reflex? Where are their cell bodies of origin?

CONNECTIONS/FUNCTIONS
Note
Afferent Limb: CN5
Ganglion cells are located inside the brainstem in the so-called mesencephalic nucleus of the trigeminal. It's not at all clear why they're inside when all other sensory ganglion cells live outside the CNS.

Efferent limb: CN5. The motor neurons form the motor nucleus of 5, which is present in this section. Be sure you can find it.

IDENTIFY
Text Box
Main Sensory Nucleus of 5
Receives input from CN5 that is critical for 2-point discrimination on the ipsilateral face. 
Recall that CN5 ganglion cell axons carrying information about pain and temperature on the face turn and run caudally in the spinal trigeminal tract. Their synaptic target is the caudal part of the spinal trigeminal nucleus, which is located in the caudal medulla. 
(review its location in B-1,2).

IDENTIFY
Pencil

Text Box
Mid Pons

IDENTIFY
Pencil
middle cerebellar peduncle
QUESTION: Where are cells of origin of these axons?

Answer: contralateral pontine nuclei (or griseum pontis)

IDENTIFY
Pencil
This is the approximate location of the spinothalamic tract. 
QUESTION: Where are cells of origin of these axons? 

Answer: contralateral spinal cord

IDENTIFY
Line

IDENTIFY
Pencil
Most of these myelinated axons are part of the medial lemniscus. Note that the position of the medial lemniscus shifts laterally as it travels rostral in the pons. At this level, it is quite close to the spinothalamic tract. This proximity makes sense when you remember that axons in both tracts will eventually synapse in the same thalamic nucleus (part of the somatosensory thalamus that represents the body.)

IDENTIFY
Polygonal Line
reticular formation (exact boundaries unclear)

IDENTIFY
Line
basilar artery

CONNECTIONS/FUNCTIONS
Text Box
What arteries provide the major blood supply to this region of the brainstem?

CONNECTIONS/FUNCTIONS
Sticky Note
Almost all of the mid and upper pons is supplied by paramedian and circumferential branches of the basilar artery. The superior cerebellar artery supplies the superior cerebellar peduncle (as well as the superior half of the cerebellum and the deep cerebellar nuclei).
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Rostral Pons

The individual whose brainstem
we are studying suffered from
trigeminal neuralgia that began
after a head injury. In an
attempt to relieve her pain after
all other measures had failed, a
neurosurgeon planned to cut
one of the divisions of the
trigeminal nerve. Unfortunately
a blood vessel was accidentally
damaged, producing ischemic
injury that caused degeneration
of virtually the entire nerve on
that side.

On the affected side, the region
where the trigeminal nerve
normally crosses the middle
cerebellar peduncle (yellow
arrows) looks like a "white"
streak because there are few
surviving axons and therefore
equally few myelin sheaths
present to take up the black
myelin stain.

Mid Sagittal

# occlusion of paramedian branches of the

3!" basilar artery might be incapable of making

,.," movements, but fully conscious. Explain.

A patient with this bilateral lesion caused by

A # any voluntary movements except certain eye



IDENTIFY
Line
CN4
This is the only cranial nerve that is attached to the dorsal brainstem. Its axons cross the midline, and then swing around the brainstem to join with CN6 and eventually CN3 on the way to the orbit. 
QUESTION: What skeletal muscles does CN4 innervate?

ANSWER: superior oblique muscles

IDENTIFY
Pencil
superior cerebellar peduncle
Notice that is is now within the brainstem.

IDENTIFY
Pencil
CN5
Notice that its fibers travel right through the middle cerebellar peduncle.

IDENTIFY
Pencil

CLINICAL
Oval

CLINICAL
Text Box
A patient with this bilateral lesion caused by occlusion of paramedian branches of the basilar artery might be incapable of making any voluntary movements except certain eye movements, but fully conscious. Explain.
 

Text Box
Rostral Pons

Line

Text Box
The individual whose brainstem we are studying suffered from trigeminal neuralgia that began after a head injury. In an attempt to relieve her pain after all other measures had failed, a neurosurgeon planned to cut one of the divisions of the trigeminal nerve. Unfortunately a blood vessel was accidentally damaged, producing ischemic injury that caused degeneration of virtually the entire nerve on that side.  
On the affected side, the region where the trigeminal nerve normally crosses the middle cerebellar peduncle (yellow arrows)  looks like a "white" streak because there are few surviving axons and therefore equally few myelin sheaths present to take up the black myelin stain.

CLINICAL
Note
Bilateral damage at the base of the rostral pons has completely disconnected both the corticospinal and corticobulbar tracts, completely paralyzing the patient's face and body. For this reason, such patients are often referred to as being "locked-in." However recall that voluntary as well as involuntary eye movements initiated by the cerebral cortex are carried out via other pathways involving the basal ganglia, substantia nigra (reticulata), and superior colliculus. These connections, and the nuclei of CN3,4,6  may be partially or entirely spared in a locked-in patient depending on whether the lesion is in the midbrain or pons, and how far dorsal it extends. Similarly, if the rostral reticular formation is spared, the patient may be fully conscious. Because of the location of the lesion, our particular patient was unable to move her face or extremities but was fully conscious with normal sensation, and retained most eye movements. She established communication with her caregivers using a code of blinks and eye movements, and survived for several months before succumbing to pneumonia.  It is difficult (and frightening) to even imagine what this condition must be like for the patient.

IDENTIFY
Pencil
medial lemniscus
Note that its position has shifted so far lateral that it is adjacent to the spinothalamic tract. Trigeminothalamic fibers travel with or close to the medial lemniscus.

IDENTIFY
Pencil
spinothalamic tract

IDENTIFY
Line

IDENTIFY
Line
lateral lemniscus
This auditory pathway is now clearly visible because its position has shifted to the dorsal lateral surface of the brainstem. In B-17 you can see both the lateral lemniscus and its synaptic target, the inferior colliculus.

IDENTIFY
Sticky Note
Approximate location of locus ceruleus, a small group of noradrenergic neurons that send axons to almost all of the forebrain. This widespread system seems to be involved in modulating attention and vigilance. Clinical evidence suggests that the normal activity of this system is decreased in mood disorders such as depression.

Line
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When asked to look to the right, a 35-year-old
woman with a history of multiple sclerosis is unable
to aDduct her left eye past the midpoint. The right
eye does aBduct normally, although there is
sustained nystagmus when she looks far to the
right. Horizontal gaze to the left is normal.

Explain why a small MS plaque on the LEFT side of
her brainstem (shown in red on the image) could
account for these symptoms.

Mid Sagittal



IDENTIFY
Pencil
Superior cerebellar peduncle 

IDENTIFY
Pencil
This is the approximate location of the spinothalamic tract. It carries pain and temperature information concerning the opposite side of body.

IDENTIFY
Pencil
This is the approximate location of the medial lemniscus. These fibers are critical for 2-point discrimination and joint position sense on the opposite side of the body.

CLINICAL
Oval

CLINICAL
Text Box
When asked to look to the right, a 35-year-old woman with a history of multiple sclerosis is unable to aDduct her left eye past the midpoint. The right eye does aBduct normally, although there is sustained nystagmus when she looks far to the right. Horizontal gaze to the left is normal. 

Explain why a small MS plaque on the LEFT side of her brainstem (shown in red on the image) could account for these symptoms. 

CLINICAL
Note
The plaque is in the left MLF. This tract contains the axons of interneurons connecting the brainstem center for right lateral gaze (in pons) with the left 3rd nerve nucleus (in midbrain). These axons cross the midline right away, so when you damage the left MLF you're disconnecting the machinery for right lateral gaze. Based on the patient's neurologic exam alone you might wonder if she had a problem involving the medial rectus muscle itself. How could you rule this out?
ANSWER: See if she can converge her eyes ("look at the tip of your nose"). This patient has normal convergence, indicating that the left medial rectus muscle and its innervation are normal. 

There is no definitive explanation for the nystagmus that is observed in the left eye. One idea is that it represents some automatic mechanism compensating for the misalignment of the two eyes.

QUESTION: What's the name given to this clinical syndrome?
ANSWER: Internuclear ophthalmoplegia - or INO, which is a lot easier to pronounce and spell. 

Text Box
Pons/Midbrain

IDENTIFY
Line
Approximate location of trigeminothalamic fibers representing 2-point discriminative touch, crude touch, and pain and temperature sensation (in other words, all sensation) on the opposite side of face. These fibers travel in or very close to the medial lemniscus. However, when they ultimately reach the thalamus, the trigeminothalamic fibers will synapse in the somatosensory thalamic nucleus representing the face, while the medial lemniscus fibers synapse in the nucleus representing the body.

IDENTIFY
Polygonal Line

IDENTIFY
Polygonal Line
Lateral lemniscus
This tract carries the major input to the inferior colliculus from the cochlear nuclei and pontine auditory nuclei. This input represents auditory events detected by both ears (i.e. the input is BILATERAL). 

IDENTIFY
Sticky Note
Inferior colliculus
(part of the auditory system)
QUESTION: What do you remember about its connections?

ANSWER: The inferior colliculus receives input from both cochlear nuclei as well as from additional pontine nuclei of the auditory system via the lateral lemniscus. It also receives feedback information from the medial geniculate (the thalamic nucleus of hearing).

IDENTIFY
Line
pontine nuclei (griseum pontis)
QUESTION: How do afferent fibers travel to these nuclei from the cerebral cortex? Do they cross the midline?

ANSWER: They form part of both limbs of the internal capsule, and most of the cerebral peduncle of the midbrain. They continue into the base of the pons where they synapse in the pontine nuclei. They do not cross the midline.

IDENTIFY
Line
pontocerebellar fibers
These are the axons of pontine nuclei that are crossing the midline on their way to the contralateral cerebellar cortex.

IDENTIFY
Pencil
cerebral aqueduct
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'l This is an important pain center.
1 In humans, stimulation of this
area by electrodes can produce
horrific, indescribable pain, but
slightly different electrode
placements can stop ongoing
pain.

Connections important in pain
modulation apparently involve its
outputs to serotonergic neurons
in the raphe nuclei of the
medulla, which in turn modulate
pain-related impulse generation
in the dorsal horn of the spinal
cord.

Mid Sagittal



IDENTIFY
Line
This is the trochlear nucleus. Because of the plane of section, there is probably a little of the oculomotor nucleus present as well.

Text Box
Pons/Midbrain

IDENTIFY
Pencil
decussation of the superior cerebellar peduncle 

Most of these axons originate from cell bodies located in the dentate and interposed nuclei of the cerebellum. After they cross the midline, they synapse in the two divisions of the red nucleus or in the motor thalamus (primarily in the ventrolateral nucleus or VL). 

Because of this crossing, one side of the cerebellum is wired up with the motor thalamus (and the motor cortex) on the opposite side. 

IDENTIFY
Line
periaqueductal gray (also called the central midbrain gray). This term refers to the entire gray matter region that surrounds the cerebral aqueduct in the midbrain.

IDENTIFY
Pencil
cerebral aqueduct
This is the part of the ventricular system contained within the midbrain that connects the third and four ventricles.

IDENTIFY
Text Box
This is an important pain center. In humans, stimulation of this area by electrodes can produce horrific, indescribable pain, but slightly different electrode placements can stop ongoing pain. 
Connections important in pain modulation apparently involve its  outputs to serotonergic neurons in the raphe nuclei of the medulla, which in turn modulate pain-related impulse generation in the dorsal horn of the spinal cord.

IDENTIFY
Pencil
superior colliculus
This structure is important in eye movement pathways and in visual attention. In humans, the superior colliculi seem to have little to do with vision per se, but that is not true of other mammals like cats, dogs, or mice.

IDENTIFY
Polygonal Line
rostral reticular formation
QUESTION: Can you say anything about the functions of the reticular formation in the rostral pons and midbrain?
ANSWER: It has a crucial role in maintaining a normal conscious state. The RF carries out this function through multiple connections with many forebrain structures including parts of the thalamus. Bilateral lesions (they must be bilateral) in the RF here can cause coma but spare critical autonomic functions. By contrast, large bilateral lesions in the RF of the medulla are almost always fatal.
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Forebrain/Midbrain/Pons

Light shined in one eye causes both
3 B pupils to constrict. The pathway
- -', M involves nuclei in this region. Explain...
Lateral =@ :
Ventricle . : v

Medial Temporal
Lobe

This section includes the medial
temporal lobe and two major

" nuclei of the thalamus (the

. pulvinar and medial geniculate)
< as well as parts of the midbrain
. and pons.

| Almost all of the subcortical

structures that send information
to the cerebral cortex do so via
pathways that first synapse in the
thalamus. Much of the thalamus
is made up of nuclei that receive
and process these different
inputs, and have two-way
connections with relevant regions
of the cerebral cortex.

+ MORE INFORMATION about the
- connections of specific thalamic

nuclei discussed in this Atlas

B

Mid Sagittal



IDENTIFY
Pencil

IDENTIFY
Text Box
This section includes the medial temporal lobe and two major nuclei of the thalamus (the pulvinar and medial geniculate) as well as parts of the midbrain and pons.

Almost all of the subcortical structures that send information to the cerebral cortex do so via pathways that first synapse in the thalamus. Much of the thalamus is made up of nuclei that receive and process these different inputs, and have two-way connections with relevant regions of the cerebral cortex.

MORE INFORMATION about the connections of specific thalamic nuclei discussed in this Atlas 

Text Box
Pulvinar

Text Box
Medial 
Geniculate

Text Box
Forebrain/Midbrain/Pons

IDENTIFY
Pencil
The pulvinar is an enormous thalamic nucleus that has important, though not well understood, roles in cognition. You will hear about it in the context of higher-order cortical functions.

Text Box
Lateral Ventricle

CONNECTIONS/FUNCTIONS
Sticky Note
In the central auditory pathway, all inputs apparently must synapse in the inferior colliculus (Brainstem B-17). The inferior colliculus in turn sends the results of its computations to the medial geniculate nucleus of the thalamus. Only the medial geniculate nucleus communicates directly with the primary auditory cortex, located in Heschl's gyri of the temporal lobe.

Text Box
Medial Temporal Lobe

Text Box
Medial Temporal Lobe

CONNECTIONS/FUNCTIONS
Line

Sticky Note
You may recall that trigeminothalamic axons synapse in the nucleus of the somatosensory thalamus that primarily represents the contralateral face (ventral posterior medial nucleus = VPM). The medial lemniscus and spinothalamic tract synapse in the nucleus of the somatosensory thalamus representing the body (ventral posterior lateral nucleus = VPL). These two thalamic nuclei in turn send the results of their computations to the primary somatosensory cortex, which is located in the post central gyrus. 

The thalamus also contains a nucleus devoted to the auditory system, called the medial geniculate. Its subcortical inputs are from the inferior colliculus. Because of the multiple crossings in the brainstem auditory pathway, the input to one medial geniculate conveys information from both ears.

Other thalamic nuclei receive and process inputs related to the motor system, and convey this information to parts of the cerebral cortex  concerned with movement. Inputs to these motor thalamic nuclei (ventral anterior = VA and ventral lateral = VL) include information from the contralateral dentate and interposed nuclei of the cerebellum (carried by axons of the superior cerebellar peduncle). 

IDENTIFY
Oval
Oculomotor nucleus
Its motor neurons directly innervate 4 of the extraocular skeletal muscles (medial rectus, inferior rectus, inferior oblique, superior rectus) as well as levator palpebrae superioris, which raises the upper lid.

Recent evidence contradicts the traditional view that the Edinger-Westphal nucleus, a subdivision of the oculomotor nuclear complex, contains  the cell bodies of preganglionic parasympathetic neurons. There's no doubt that CN3 contains preganglionic parasympathetic axons that synapse in the ciliary ganglion and mediate pupillary constriction and contraction of the ciliary muscle of the lens. But where their cell bodies are located in the midbrain is unknown. 

More about this Tradition-Busting Work
Recent immunohistochemical studies of human brain find no cholinergic preganglionic parasympathetic cell bodies in the E-W nucleus! Instead, its neurons contain a peptide related to corticotropin-releasing factor, which helps regulate food consumption and alcohol intake in animals. Their axons do not travel in CN3 at all, but instead synapse in the spinal cord.

IDENTIFY
Polygonal Line
Thalamus

CONNECTIONS/FUNCTIONS
Text Box
Light shined in one eye causes both pupils to constrict. The pathway involves nuclei in this region. Explain... 

CONNECTIONS/FUNCTIONS
Sticky Note
This is the pretectal area (it is a somewhat flattened area located rostral to the superior colliculus). 
Pathway:
Retinal ganglion cells in one eye -->pretectal nuclei on BOTH sides -->preganglionic parasympathetic neurons on BOTH sides  --> ciliary ganglion -->pupillary constrictor muscles. Many of the crossings occur in the posterior commissure (Brainstem B-20). 

Clinical Terminology: Because of the crossings in the wiring, shining light in one eye normally causes pupillary constriction in the same eye (direct response)  AND in the other eye (consensual response). 

The pupils also constrict bilaterally as part of the accommodation response when you look at a near object. In this case the pretectal nuclei are apparently activated by input from the visual cortex, but the exact wiring is not well understood. 

CONNECTIONS/FUNCTIONS
Line
In this section you can see fibers of the cerebral peduncle in the midbrain (corticospinal, corticobulbar, corticopontine) continuing into the base of the pons.

IDENTIFY
Line
Efferent fibers from the cerebellar nuclei (dentate and interposed) that traveled in the superior cerebellar peduncle, crossed the midline at its decussation, and are now headed for the contralateral red nucleus (see B-20) and motor thalamus where they will synapse.
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Ventral tegmental area. When you study the
limbic system, you will learn that the VTA, like
the adjacent substantia nigra, contains
dopaminergic neurons. However their
connections are different: primarily to limbic
system structures and prefrontal cortex.



IDENTIFY
Pencil
Red nucleus
Receives input from contralateral cerebellar nuclei (dentate and interposed) via the superior cerebellar peduncle. It also receives input from the ipsilateral cerebral cortex.
QUESTION: Can you name a brainstem structure that gets a big input from the red nucleus?

ANSWER: In humans, the inferior olives receive enormous numbers of synapses from the ipsilateral red nucleus. 

Additional outputs of the red nucleus: There is also a rubrospinal tract. In humans it is small and extends only to the cervical cord. In other mammals like cats and horses it is much larger and extends into the lumbosacral cord. 
The function of the red nucleus in humans is really not clear - based on its connections, it seems as though its most important role is as part of a cerebellar feedback loop. More needs to be learned...

IDENTIFY
Line
posterior commissure
Axons crossing here have roles in the pupillary light reflex and accommodation response. They include connections from the pretectal area to the set of preganglionic parasympathetic neurons that projects to the ciliary ganglion via CN3.

IDENTIFY
Pencil
Medial geniculate nucleus - part of the thalamus
QUESTION: What kind of sensory information does the medial geniculate process?

ANSWER: Auditory

Text Box
Forebrain/Midbrain/Pons

IDENTIFY
Line
Fibers of the spinothalamic tract, medial lemniscus, and trigeminothalamic tract all continue on their course to the somatosensory nuclei of the thalamus (which are not in this section as they are located in more anterior regions of the thalamus.  

IDENTIFY
Text Box
Ventral tegmental area. When you study the limbic system, you will learn that the VTA, like the adjacent substantia nigra, contains dopaminergic neurons. However their connections are different: primarily to limbic system structures and prefrontal cortex. 

IDENTIFY
Pencil

IDENTIFY
Line

IDENTIFY
Pencil
Pulvinar - a nucleus of the thalamus

IDENTIFY
Pencil
Lateral geniculate nucleus - This nucleus of the thalamus is easy to recognize because it is a layered structure that is shaped somewhat like Napoleon's hat. (Envision Napoleon Bonaparte in full military regalia - complete with a splendid crescent-shaped cocked hat trimmed in gold lace and tassels.)
The LGN is the thalamic nucleus for vision. It receives input from the retina and also from the visual cortex. 
QUESTION: If this is the right lateral geniculate, which side of the patient's visual world does it deal with? 

ANSWER: left side

IDENTIFY
Pencil
Substantia nigra
The SN got its name because its more dorsal part (pars compacta) contains numerous  pigmented, dopaminergic neurons. These neurons project to the caudate and putamen (two of the basal ganglia), and modulate their normal functioning in motor system feedback control. Dopaminergic neurons of the SN degenerate in Parkinson's Disease. Patients with this disease typically show slowed movements, tremor, rigidity and an unsteady gait. You will learn more about all this when you study the circuits of the basal ganglia.  

The substantia nigra also has a pars reticulata, a region of non-pigmented neurons that project to the thalamus AND to the superior colliculus where they form a link in the pathway for cortically-initiated eye movements (saccadic and pursuit).
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—.. 4 CLINICAL CASE
- | Apatient was brought to the ER
| several hours following a head
injury. She was evaluated and
] : immediately sent for an urgent
e ' CT scan, which revealed an
‘ epidural bleed. She is currently in
the operating room where a
neurosurgeon has stopped the
bleeding and evacuated the clot.
The team predicts a full recovery.

What major arteries
provide most of the blood
supply of the thalamus?

s

G

Neurological exam in the ER
showed a dilated right pupil that
was not responsive to light, and
a paralyzed left arm and leg with
a dorsiflexor left plantar
response. She responded to
commands occasionally, but not
reliably, and was described as
"sleepy but arousable."

These symptoms were produced
when the accumulating blood
within the skull pushed part of
the medial temporal lobe
downward through the tentorial
notch where it compressed the
midbrain. What midbrain
structure do you predict is
malfunctioning to account for
each of this patient's symptoms?

=

Mid Sagittal

What signs and symptoms would you
predict if this nerve was completely
destroyed on one side
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e ke



CLINICAL
Line
oculomotor nerve (CN3)

IDENTIFY
Pencil
cerebral peduncle
This is an enormous mass of fibers, made up primarily of the corticospinal and corticobulbar tracts, as well as corticopontine fibers that project from all four lobes of the cortex to the griseum pontis (and from these pontine nuclei to the contralateral cerebellum)

The corticospinal and corticobulbar fibers occupy roughly the middle third of each peduncle.

CLINICAL
Text Box
CLINICAL CASE
A patient was brought to the ER several hours following a head injury. She was evaluated and immediately sent for an urgent CT scan, which revealed an epidural bleed. She is currently in the operating room where a neurosurgeon has stopped the bleeding and evacuated the clot. The team predicts a full recovery.

Neurological exam in the ER showed a dilated right pupil that was not responsive to light, and a paralyzed left arm and leg with a dorsiflexor left plantar response. She responded to commands occasionally, but not reliably, and was described as "sleepy but arousable."

These symptoms were produced when the accumulating blood within the skull pushed part of the medial temporal lobe downward through the tentorial notch where it compressed the midbrain. What midbrain structure do you predict is malfunctioning to account for each of this patient's symptoms?

Text Box
Forebrain/Midbrain

CLINICAL
Note
(1) Right pupil dilated and unresponsive  The right third nerve was being compressed as it exits the midbrain. Preganglionic parasympathetic fibers traveling to the ciliary ganglion are located at the periphery of CN3, while the motor neuron axons innervating extraocular muscles and levator palpebrae superioris are located deeper within the nerve. Compressing the nerve from the outside could initially damage only the parasympathetic fibers. This would impair  pupillary constriction, but eye movements and the position of the upper lid might be unaffected at least initially. 
 
(2) Left hemiplegia and left dorsiflexor plantar response (UMN signs)  This suggests compression of the right corticospinal tract. In the midbrain, these axons form the middle part of the right cerebral peduncle. 

(3) Reduced responsiveness This suggests that the reticular formation of the midbrain is affected bilaterally, either by direct compression or perhaps by distortion and stretching. 

IDENTIFY
Line
red nucleus

CLINICAL
Text Box
What signs and symptoms would you predict if this nerve was completely destroyed on one side

CLINICAL
Sticky Note
(1) paralysis of all extraocular muscles except the lateral rectus and superior oblique. If CN4 and CN6 and the muscles they innervate are normal, the eye position is likely to be "down and out." 
(2) BIG ptosis - the eye is fully closed
(3) BIG pupil - the pupil is fully dilated and not responsive to a light shined into either eye

CONNECTIONS/FUNCTIONS
Text Box
What major arteries provide most of the blood supply of the thalamus?

CONNECTIONS/FUNCTIONS
Sticky Note
The thalamus is in vertebral-basilar territory. It is mostly supplied by slender, deeply penetrating branches of the proximal posterior cerebral artery (PCA), and to a lesser extent by paramedian branches from top of the basilar artery near its upper bifurcation.

IDENTIFY
Polygonal Line
Thalamus
The lateral geniculate nucleus is also part of the thalamus, but appears detached because of the plane of section.

IDENTIFY
Polygonal Line
lateral geniculate nucleus (also called lateral geniculate body) of the thalamus.
ALL its input concerns the contralateral visual field. It receives input from optic tract fibers (the axons of retinal ganglion cells) and also input from the primary visual cortex, which is located in the medial occipital lobe,
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Forebrain/Midbrain

Collectively the two thalamic
nuclei circled in blue comprise
the SOMATOSENSORY
thalamus.

The nucleus for the face (which
also relays information about
taste) is medial and is named
ventral posteromedial (VPM).
The nucleus for the body is
located more lateral, and is
named ventral posterolateral
(VPL).

Can you name major spinal
cord and brainstem tracts that
synapse in each nucleus?

Additional nuclei of the
thalamus are identified in the
Coronal, Horizontal, and
Sagittal Atlases.

What arteries supply most of

the midbrain?

Mid Sagittal



Text Box
Forebrain/Midbrain

IDENTIFY
Pencil
substantia nigra
QUESTION: Degeneration of dopaminergic neurons in this structure occurs in what relatively common neurodegenerative disease?
ANSWER: Parkinson's disease

IDENTIFY
Pencil
Ventral tegmental area 
This is the medial neighbor of the substantia nigra, and like the substantia nigra it contains dopaminergic neurons. 

The axons that you see crossing this gray matter region belong to CN3.

CONNECTIONS/FUNCTIONS
Text Box
Collectively the two thalamic nuclei circled in blue comprise the SOMATOSENSORY thalamus. 
The nucleus for the face (which also relays information about taste) is medial and is named ventral posteromedial (VPM). The nucleus for the body is located more lateral, and is named ventral posterolateral (VPL).

Can you name major spinal cord and brainstem tracts that synapse in each nucleus?

CONNECTIONS/FUNCTIONS
Note
To VPM (face): 
- trigeminothalamic axons
- axons relaying taste information
  from the rostral part of the nucleus
  solitarius
To VPL (body):
- spinothalamic tract
- medial lemniscus

Each of these nuclei has extensive two-way connections with the primary somatosensory cortex (post central gyrus). (Taste information is sent to gustatory cortex, which has a different location.)

Polygon
The Centromedian nucleus of the thalamus (CM) is involved in basal ganglia circuitry but its specific role is not well understood. It is a useful landmark for identifying the nuclei of the somatosensory thalamus (circled in blue)

Text Box
CM

CONNECTIONS/FUNCTIONS
Text Box
What arteries supply most of the midbrain?  

IDENTIFY
Pencil
Somatosensory thalamus for the face (and taste too) VPL

IDENTIFY
Pencil
Somatosensory thalamus for body (VPL)

IDENTIFY
Polygonal Line
Thalamus

CONNECTIONS/FUNCTIONS
Text Box
Additional nuclei of the thalamus are identified in the Coronal, Horizontal, and Sagittal Atlases.

CONNECTIONS/FUNCTIONS
Sticky Note
The medial midbrain is supplied by paramedian branches from the upper part of the basilar artery. However most of the midbrain is supplied by branches of PCA.




