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1. Spinal cord 

• Learning objective: recognize the principal features of the spinal cord, including the 
longitudinal organization of spinal segments and internal distinctions among levels. 

• Specimens: whole CNS specimen (with brain and spinal cord attached) available at 
demonstration stations in lab room 

• Activities: open to Figure 2.2 and visit the demonstration CNS specimen 
o Identify the cervical and lumbosacral enlargements, and the thoracic and sacral regions. 
o Identify dorsal and ventral roots. 
o Differentiate the dura mater from arachnoid mater, and identify denticulate ligaments 
o Identify the posterior and anterior spinal arteries, and draining veins 

 
2. Medulla oblongata 

• Learning objective: localize the principal features of the medulla oblongata as seen from 
the surface, including the attachments of cranial nerves VI-X and XII (and XI). 

• Specimens: whole brains, mid-sagittal hemispheres, or brainstem models 
• Activities: open to Figure 2.3 and refer to the pink chart on the following page. 

o Find each of the features listed in the chart and described in the text on actual 
specimens of the human brainstem. Some surface features may be best observed in 
whole brain specimens, but some may be appreciated just as easily in hemi-brains that 
were sectioned in the mid-sagittal plane. You may wish to refer the actual specimens to 
the models available in the lab for comparison. 

 
3. Pons 

• Learning objective: localize the principal features of the pons as seen from the surface, 
including the attachments of cranial nerves V and VI-VIII. 

• Specimens: whole brains, mid-sagittal hemispheres, or brainstem models 
• Activities: open to Figure 2.4 and refer to the green chart on the following page. 

o Find each of the features listed in the chart and described in the text on actual 
specimens of the human brainstem. Some surface features may be best observed in 
whole brain specimens, but some may be appreciated just as easily in hemi-brains that 
were sectioned in the mid-sagittal plane. You may wish to refer the actual specimens to 
the models available in the lab for comparison. 

 

LABORATORY	PROTOCOL	
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Introduction	

The central nervous system interacts with the outside 
world through primary sensory neurons, which convey 
information from the body or its environment into the 
brain and spinal cord, and motor neurons, which activate 
striated muscles and modulate the activity of cardiac and 
smooth muscles and glands (Figure 2.1). With just one 
minor exception, the cell bodies of all primary sensory 
neurons lie outside the CNS in dorsal root ganglia or 
cranial nerve ganglia. Each neuron gives rise to a 
peripheral process, which receives information either 
directly or through association with receptors, and a 
central process, which enters the CNS and forms synapses 
with second order neurons. The cell bodies of somatic 
motor neurons lie in clusters called cranial nerve nuclei 
within the CNS and give rise to axons that innervate 
striated muscles in the body and neck. Other motor 
neurons form part of the autonomic nervous system 
(visceral motor system); they reside outside of the central 
nervous system and innervate cardiac muscle, smooth 
muscle or glands. 

Of chief importance in understanding the organization of 
the brainstem and spinal cord is knowledge of what is 
localized in each embryological subdivision and in any 
transverse section from any level. This is a significant 
challenge for every student of neuroanatomy and the first 

Figure 2.1. Both the spinal cord and brainstem 
receive input from primary sensory neurons, 
the cell bodies of which lie in sensory ganglia 
just outside of the central nervous system. In 
addition, both the spinal cord and brainstem 
give rise to motor output to striated muscles 
and autonomic ganglia (ANS, autonomic 
nervous system). (Illustration by N.B. Cant) 

 
4. Midbrain 

• Learning objective: localize the principal features of the midbrain as seen from the surface, 
including the attachments of cranial nerves III & IV. 

• Specimens: whole brains, mid-sagittal hemispheres, or brainstem models 
• Activities: open to Figure 2.5 and refer to the purple chart on the following page. 

o Find each of the features listed in the chart and described in the text on actual 
specimens of the human brainstem. Some surface features may be best observed in 
whole brain specimens, but some may be appreciated just as easily in hemi-brains that 
were sectioned in the mid-sagittal plane. You may wish to refer the actual specimens to 
the models available in the lab for comparison. 
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step toward mastery of this knowledge is to recognize the external features of each brainstem subdivision, 
including the associated cranial nerves, and each major level of the spinal cord. 

In this laboratory experience, you will appreciate the relationship between the nerves formed by the 
axons of primary sensory and motor neurons in the brainstem (and spinal cord). There are numerous 
bumps and furrows along the length of the brainstem and spinal cord that provide visible landmarks on 
their surfaces; you will eventually understand the organization of internal structures that account for 
these bumps and furrows (our next lab). For today, one challenge will be to learn the relation of the cranial 
nerves and spinal nerve roots to these superficial features of the brainstem and spinal cord. In doing so, 
you will learn the gross features that characterize the three embryological subdivisions of the brainstem 
and the spinal cord. 

The	spinal	cord	

You have already learned quite a lot about the spinal cord in this course. We hope you don’t mind a brief 
refresher at this point. It will also give you opportunity to make the most of your interaction with our 
(limited) specimens that are available for demonstration purposes that present the entire CNS (brain and 
spinal cord dissected from a cadaver and still connected to one another). 

The spinal cord extends caudally from the brainstem, running from the medullary-spinal junction at about 
the level of the first cervical vertebra to about the level of the first lumbar vertebra (Figure 2.2). The 
vertebral column (and the spinal cord within it) is divided into cervical, thoracic, lumbar, sacral, and 
coccygeal regions. The peripheral nerves (called the spinal or segmental nerves) that innervate much of 
the body arise from the spinal cord’s 31 pairs of spinal nerves. On each side of the midline, the cervical 
region of the cord gives rise to eight cervical nerves (C1–C8), the thoracic region to twelve thoracic nerves 
(T1–T12), the lumbar region to five lumbar nerves (L1–L5), the sacral region to five sacral nerves (S1–S5), 
and the coccygeal region to one coccygeal nerve. The segmental spinal nerves leave the vertebral column 
through the intervertebral foramina that lie adjacent to the respectively numbered vertebral body (with 
the C1 nerve exiting above the first cervical vertebra and the C2 nerve exiting below it). Sensory 
information carried by the afferent axons of the spinal nerves enters the cord via the dorsal roots, and 
motor commands carried by the efferent axons leave the cord via the ventral roots. Once the dorsal and 
ventral roots join, sensory and motor axons (with some exceptions) travel together in the segmental spinal 
nerves (Figure 2.2). 

Two regions of the spinal cord are enlarged to accommodate the greater number of nerve cells and 
connections needed to process information related to the upper and lower limbs. The spinal cord 
expansion that corresponds to the arms is called the cervical enlargement and includes spinal segments 
C3–T1; the expansion that corresponds to the legs is called the lumbosacral enlargement and includes 
spinal segments L1–S2 (see Figure 2.2B). Because the adult spinal cord is considerably shorter than the 
vertebral column (see Figure 2.2A), lumbar and sacral nerves run for some distance in the spinal canal 
before emerging, thus forming a collection of nerve roots known as the cauda equina (“horse’s tail”).	
This region is the target for an important clinical procedure called a “lumbar puncture” that allows for 
the collection of cerebrospinal fluid by placing a needle into the space surrounding these nerves to 
withdraw fluid for analysis. In addition, local anesthetics can be safely introduced to produce spinal 
anesthesia; at this level, the risk of damage to the spinal cord is minimized. 
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Figure 2.2. The subdivisions 
and components of the 
central nervous system. (A) 
A lateral view indicating the 
six major components of the 
central nervous system. 
(Note that the position of 
the brackets on the left side 
of the figure refers to the 
location of the spinal nerves 
as they exit the 
intervertebral foramina, not 
the position of the 
corresponding spinal cord 
segments.) (B) The central 
nervous system in anterior 
view, indicating the 
emergence of the 
segmental nerves, the 
cervical and lumbar 
enlargements and the cauda 
equina. (Figure A3 from 
Neuroscience, 6th Ed.) 

 

In our next lab, you will 
have a similar brief 
refresher on the internal 
anatomy of the spinal 
cord. 

Let’s move on now to the 
brainstem and cranial 
nerves. 
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Surface	anatomy	of	the	brainstem	

Unlike the spinal cord, which is relatively similar in appearance along its length, the brainstem looks very 
different from one part to another. The cranial nerves are not regularly arrayed like the spinal nerves, and 
there are many curious bumps and lumps along the surface of the brainstem that have no counterparts 
in the spinal cord. The following description of the surface appearance of each subdivision is intended to 
prepare you for the discussion of the intrinsic anatomy of the brainstem that follows in the next lab 
session. As you work through the descriptions in the text, as usual, you will be responsible for the terms 
in bold. A clear picture of the surface topography of the brainstem should help you to eventually 
understand why sections through each level appear as they do. 

We’ll begin working our way through the brainstem from caudal to rostral, starting with the medulla 
oblongata (or simply, the “medulla” for short). 

The medulla 

The medulla is bounded caudally by the spinal cord and rostrally by the pons. Features that characterize 
its surface are illustrated in Figure 2.3. These include cranial nerves VI-X & XII, and a set of distinctive 
bumps, bulges and furrows. Actually, cranial nerves VI-VIII are more properly associated with the pons, 
since these nerves originate or terminate in cranial nerve nuclei (gray matter) that are localized mostly to 
the caudal pons. However, these three nerves exit at the ventral junction of the pons and medulla and it 
is appropriate to consider them here first. 

On the ventral surface, bumps formed by the corticospinal tracts known as the medullary pyramids sit 
next to the midline on each side. Lateral to the pyramids are bumps known as the olives formed on each 
side by a paired large nucleus in the medulla, called the inferior olivary nucleus (a nucleus that you will 
see in cross-sectional views of the medulla in the next lab). These two structures are critical to appreciate 
for reasons that will be discussed when motor control systems in the brain are considered. For now, they 
are useful landmarks for recognizing the rootlets of cranial nerve XII, the hypoglossal nerve, which 
emerge from the medulla between the pyramid and the olive. Cranial nerves IX, the glossopharyngeal 
nerve, and X, the vagus nerve, also connect to the brainstem in the medulla, although they do so more 
laterally than nerve XII; in fact, they connect just lateral to the olive. (Cranial nerve XI does not really 
connect to the medulla; it is made up of fibers that exit mainly from the spinal accessory nucleus of the 
upper cervical spinal cord and enter the cranium through the foramen magnum.) 

The dorsal surface of the medulla is characterized by a series of longitudinal swellings (marked by the 
black dots in Figure 2.3; don’t be concerned with their names). The important fact to note is that each of 
the swellings appears to be a continuation of a similar swelling on the dorsal surface of the spinal cord; 
however, the ones along the surface of the medulla are somewhat larger and more bulbous. Like the 
olives, these bumps indicate the outward bulging of gray matter structures that you will eventually locate 
in sections through the caudal medulla. For now, let’s simply say that these structures in the caudal 
medulla are critical for the passage of somatic mechanosensory signals from the spinal cord to higher 
levels of processing in the forebrain. 

The most inferior portion of the medulla (the part near the spinal cord) is ‘closed,’ meaning that there is 
no fourth ventricle (only a constricted central canal, continuous with that of the spinal cord). The fourth 
ventricle begins to open about halfway up the medulla and extends through the pons. The thin ‘roof’ of 
the fourth ventricle is not illustrated, and you are looking down into the ‘floor’ of the ventricle. The roof 
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of the ventricle is made up only of ependymal cells, connective tissue (pia), and blood vessels. It contains 
three openings through which the cerebrospinal fluid that is produced by the choroid plexus in the 
ventricles escapes into the subarachnoid space. The approximate locations of the openings, known as the 
median and lateral apertures (or the foramen of Magendie and the foramina of Luschka, respectively), 
are indicated by orange dots in Figure 2.3. 

The (pink) chart below lists these features and provides some additional localizing information. Once you 
are familiar with these features in Figure 2.3, try preparing yourself for lab by working through the Sylvius 
Self-Study Exercise—Medullary Surface (blue box below). 

 

 

Figure 2.3. The surface of the medulla and associated cranial nerves. Blue nerves are motor, yellow nerves are 
sensory, and green nerves are mixed motor and sensory. (Illustration courtesy of Pyramis Studios, Durham NC) 
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Ventral surface of medulla Dorsal surface of medulla 

Abducens nerve (VI) 
medial of three nerves to emerge at junction of 

pons and medulla 

Fourth ventricle 
caudal recess is visible in the mid-sagittal plane or in 
brainstem model/illustration; normally covered by 

cerebellum 

Facial nerve (VII) 
middle of three nerves to emerge at junction of 

pons and medulla 

Gracile tract 
pair of bulges or columns on either side of a deep 

midline furrow; the name of the bulge is tuberculum 
gracilis, which is formed by the underlying gracile 

tract – the same tract of the dorsal spinal cord 

Vestibulocochlear nerve (VIII) 
most lateral of three nerves to emerge at junction 

of pons and medulla 

Cuneate tract 
pair of bulges or columns just lateral to the gracile 

tracts; the name of the bulge is tuberculum 
cuneatus, which is formed by the underlying cuneate 

tract – the same tract of the dorsal spinal cord 

Inferior olive 
pair of elongated bulges just lateral to the 

pyramids in the rostral medulla; a shallow furrow 
separates the pyramid and olive on each side of 

the medulla 

 

Glossopharyngeal nerve (IX) 
most superior of a set of nerve roots that emerge 

just lateral to the olive and just caudal to the 
junction of the pons and medulla 

 

Vagus nerve (X) 
middle of a set of nerve roots that emerge just 

lateral to the olive and caudal to the junction of 
the pons and medulla 

 

Accessory nerve (XI) 
most inferior of a set of nerve roots that emerge 

from the lateral, upper cervical spinal cord  

 

Medullary pyramids 
pair of extended longitudinal bulges or columns on 

either side of a deep midline furrow 

 

Hypoglossal nerve (XII) 
nerve that emerges between the medullary 

pyramid and the olive 
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Now let’s examine the surface features of the middle subdivision of the brainstem, the pons. 

  

To explore the surface of the medulla when the brain 
is not in hand, open Sylvius4 Online, enter the 
Brainstem Model in the Surface Anatomy group, and 
select Brainstem Model. This module will allow you to 
mouse-over each of the structures identified for you 
in the accompanying pink chart (previous page). 

Once in the Brainstem Model module, click on a structure; when you do so, that structure becomes selected 
and a brief overview of that structure becomes available in the text window. 

TIP—click on the loudspeaker icon at the bottom of the text window to hear the proper 
pronunciation of any term that is unfamiliar to you. 

Take some time to explore these external features, working your way across one surface view and then the next. 
After familiarizing yourself with these standard ventral and dorsal views, click on the folder in the navigation 
window to the top right of the window and open the “Interactive brainstem rotation” feature, which is a 
rotatable brainstem model. This feature will allow you to find these same structures in different longitudinal 
views of this standard brainstem model. Spend some time examining this model and comparing its surface 
features with those illustrated in the Figure 2.3. 

Now that you have increased your familiarity with the surface features of the medulla in idealized 
representations of this brainstem division, find as many of features as you can in the photographic view of the 
ventral surface of the autopsy specimen. Enter the Photographic Atlas in the Surface Anatomy group, select 
Unlabeled and view the ventral surface of the brain. 

TIP—to increase the magnification of the image, grab the lower-right corner of the image window 
and pull the window to its maximum extent; this should allow you to see several of the features 
identified in Figures 2.3-2.5. 

Unfortunately, the process of removing the brain from the cranium usually results in the tearing of the smaller 
cranial nerve roots, so you will not see all of the cranial nerves that were once attached to the medulla in this 
view. Nevertheless, which cranial nerves do you see? The roots of which specific nerve(s) do you think are visible 
at the lateral junction of the pons and medulla? Can you distinguish the medullary pyramids from the inferior 
olives? Do you see the longitudinal furrow the separates these features? Remember which cranial nerve exits 
along this furrow? 

Careful review of this Sylvius Self-Study exercise (and the following two exercises) will prepare you well for the 
most difficult phase of understanding brainstem neuroanatomy: recognizing the relation between surface 
features of the brainstem subdivisions and the internal structures that become evident when the each 
subdivision is sectioned transversely. Additional exercises will direct your conquest of this ultimate challenge in 
brainstem neuroanatomy in our next lab session. 

Sylvius Self-Study Exercise 
–Medullary Surface 
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The pons 

The pons is bounded caudally by the medulla and rostrally by the midbrain. Figure 2.4 illustrates the key 
features of the pons that are visible on its external ventral surface and highlights important structures 
that are evident after removal of the cerebellum. These features include the massive system of transverse 
fibers on the ventral and lateral surface of the pons that give this subdivision its name (pons means 
“bridge”). These transversely coursing axons arise from neurons in the pons known as the pontine gray 
matter and terminate in the cerebellum; their function will be considered in later sessions of the course. 

The ventral surface of the pons also presents cranial nerves V-VIII, with nerves VI, VII & VIII attached to 
the brainstem at the junction of the medulla and the pons. As discussed above, cranial nerves VI-VIII are 
more properly associated with the pons, since these nerves originate or terminate in cranial nerve nuclei 
that are mostly localized to the caudal pons. Therefore, in the interest of helpful redundancy, these three 
nerves are listed again in the accompanying green chart (below), which also provides some additional 
localizing and structural information that you should appreciate. The most lateral of these three nerves is 
cranial nerve VIII, the vestibulocochlear nerve. Medial to it (and in a line with the exit point of nerves IX, 
X, and XI) is cranial nerve VII, the facial nerve. The most medial (in a line with the exit point of XII) is 
cranial nerve VI, the abducens nerve. Rostral to these nerves is cranial nerve V, the trigeminal nerve, 
which appears to plunge right into the fibers traversing the basal surface of the pons. 

 

 
Figure 2.4. The surface of the pons. Same color conventions as Figure 2.3. (Illustration courtesy of Pyramis 
Studios, Durham NC) 
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Ventral surface of pons Dorsal surface of pons 

Trigeminal nerve (V) 

large nerves that penetrate the transverse 
(pontocerebellar) fibers of the ventral-lateral pons 

Fourth ventricle 

caudal recess is visible in the mid-sagittal plane or 
in brainstem model/illustration; normally covered 

by cerebellum 

Abducens nerve (VI) 

medial of three nerves to emerge at the junction of 
the pons and medulla 

Superior cerebellar peduncle 

removal of the cerebellum requires a dorsal section 
of this cerebellar peduncle in a region where all 

three unite to form one large “stalk”; this peduncle 
(mainly) conveys efferent axons from the 

cerebellum to the brainstem and thalamus 

Facial nerve (VII) 

middle of three nerves to emerge at the junction of 
the pons and medulla (attaching just medial to CN 

VIII) 

Middle cerebellar peduncle (transverse fibers) 

removal of the cerebellum requires a dorsal-lateral 
section of this largest of the cerebellar peduncles in 

a region where all three unite 

Vestibulocochlear nerve (VIII) 

most lateral of three nerves to emerge at the 
junction of the pons and medulla 

Inferior cerebellar peduncle 

this peduncle conveys afferent axons from the 
spinal cord and brainstem to the cerebellum, as 

well as efferent axons from the cerebellum back to 
the brainstem 

Middle cerebellar peduncle (transverse fibers) 

the pons is so-named because of a massive system 
of transverse fibers that “bridge” the longitudinal 
axis of the brainstem; these fibers originate in the 
basal region of the pons and continue around its 
ventral-lateral aspect to enter the contralateral 

cerebellar hemisphere 

 

 
The dorsal surface of the pons is normally covered by the cerebellum, which is attached to it by three 
stalks or peduncles, the superior, middle, and inferior cerebellar peduncles (more on the peduncles 
below). Figure 2.4 illustrates the cut surfaces of the peduncles that are visible when the cerebellum is 
removed. The middle peduncle is continuous with the bridge of transverse pontine fibers on the basal 
surface and is carrying information into the cerebellum. The superior peduncle carries information away 
from the cerebellum toward the midbrain and thalamus (there is a minor afferent component to this 
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peduncle that we will ignore in this course). The inferior peduncle contains axons traveling in both 
directions, connecting the cerebellum with the medulla and spinal cord. When the cerebellum is removed, 
the floor of the fourth ventricle is exposed. Two prominent bumps in the floor indicate the underlying 
nucleus of cranial nerve VI (the abducens nucleus). Once you are familiar with these features in Figure 
2.4, try working through the Sylvius Self-Study Exercise—Pontine Surface (blue box below). 

 

 

The midbrain 

Let’s next examine the surface features of the superior subdivision of the brainstem, the midbrain (also 
commonly identified by its embryological name, the mesencephalon)1. It is bounded caudally by the pons 

 
1 Most texts include the midbrain as the superior of three divisions of the brainstem, and that is our position as well. However, 
the midbrain is derived from the embryonic mesencephalon (“middle brain”), while the rest of the brainstem is “hindbrain” 
being derived from the embryonic rhombencephalon. There may be heuristic value in simply stating that the brainstem is 
derived from the hindbrain, but to be consistent with standard embryological convention, we will state that the brainstem is 
derived from the hindbrain and middle brain. 

To explore the surface of the pons when the brain is 
not in hand, open Sylvius4 Online, enter the 
Brainstem Model in the Surface Anatomy group, 
and select Brainstem Model. This module will allow 
you to mouse-over each of the structures identified 

for you in the accompanying green chart. 

Following the same instructions provided in the previous Self Study Exercise in this chapter to explore the 
brainstem model in static view, as well as the dynamic model in the “Interactive brainstem rotation” feature 
folder. Spend some time examining this model in these two modes and comparing its surface features with 
those illustrated in the Figure 2.4. 

Now that you have an increased familiarity with the surface features of the pons in idealized representations of 
this brainstem division, try to find as many of these features as you can in the photographic view of the ventral 
surface of the autopsy specimen. Enter the Photographic Atlas in the Surface Anatomy group, select Unlabeled 
and view the ventral surface of the brain. You will probably want a better view than the image that first opens 
so grab the lower-right corner of the image window and pull the window to its maximum extent; this should 
allow you to see several of the features listed in the chart on the previous page. You should now be able to 
appreciate the transverse fibers that dominate the ventral-lateral surface of the pons and the prominent 
trigeminal nerves that penetrate them. 

Although this exercise is aimed at surface anatomy, view the image of the hemisected brain in the mid-sagittal 
plane (click on the thumbnail view of the Midsagittal brain in the Navigator window to the left). Note how the 
fourth ventricle occupies the space between the pons and the cerebellum. Note also the large bulbous expanse 
of neural tissue that accounts for the ventral or basal (basilar) pons; you are now looking into the complex 
intermingling of gray matter (pontine nuclei) and white matter (transverse fibers) that account for the 
communication of “intention” or “command” signals from the cerebral cortex to the cerebellum (much more 
on that later in the course). If you look carefully, you will also note wisps of longitudinal white matter that run 
through this bulbous expanse in the ventral pons; these are fibers of the corticospinal tract that eventually 
coalesce into the medullary pyramids (again, much more on this critical pathway in a later session). 

Sylvius Self-Study Exercise 
–Pontine Surface 
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and rostrally by the diencephalon, with which the boundary is somewhat vague. Figure 2.5 illustrates the 
key features of the midbrain that are visible on its external ventral surface and highlights important 
structures that are evident on the dorsal surface after removal of the cerebellum. These features include 
the massive stalks of longitudinal fibers on the ventral-lateral surface of the midbrain, as well as cranial 
nerves III & IV. The lavender chart below lists these features and provides some additional localizing and 
structural information that you should appreciate. 

The massive fiber bundles known as the cerebral peduncles dominate the ventral surface of the midbrain. 
Strictly speaking, the term ‘cerebral peduncle’ refers to the entire basal portion of the midbrain; including 
the fiber bundles on the surface and everything in the tegmentum dorsal to them, up to the cerebral 
aqueduct. The fiber bundle on the surface should be called the pes pedunculi, or foot of the peduncle. 
However, for simplicity, throughout our discourse, the term ‘cerebral peduncle’ will be used to refer to 
the fiber bundle. An external space between the peduncles is known as the interpeduncular fossa. Cranial 
nerve III, the oculomotor nerve, emerges from the midbrain into this space. 

On the dorsal surface, there are four bumps or colliculi. The 
superior colliculus is concerned with reflexive shifts of visual 
gaze. The inferior colliculus is an important gray matter 
structure that is part of the brainstem auditory system. The 
pineal gland appears to form a fifth bump on the surface of the 
midbrain, but it is actually attached to the epithalamus of the diencephalon. Cranial nerve IV, the 
trochlear nerve, is the only cranial nerve that exits from the dorsal surface of the brain, and (with the 
minor exception of a component in CN III) it is the only motor nerve that innervates contralateral 
musculature (i.e., contralateral to the location of its lower motor neuron somata). The trochlear nerve 
emerges at the border of the pons and midbrain, caudal to the inferior colliculus. 

 

Ventral surface of midbrain Dorsal surface of midbrain 

Cerebral peduncles 

large, longitudinal “stalks” on the ventral-lateral 
aspect of the midbrain; consists of efferent fibers of 
the cerebral cortex that terminate in the brainstem 

and spinal cord 

Superior colliculi 

superior pair of the four bumps that are visible in 
brainstem model/illustration 

Interpeduncular fossa 

external space between the cerebral peduncles 

Inferior colliculi 

inferior pair of the four bumps that are visible in 
brainstem model/illustration 

Oculomotor nerves (III) 

paired nerves that emerge from the 
interpeduncular fossa, just medial to the cerebral 

peduncles 

Trochlear nerves (IV) 

exits from the dorsal surface just below the inferior 
colliculus and wraps laterally around the brainstem 
to reach the ventral-lateral aspect of the midbrain 

Did you realize that all striated muscles of 
the body—except for the superior oblique 
(and superior rectus)—are innervated by 
ipsilateral lower motor neurons? 
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Figure 2.5. The surface of the midbrain. (Illustration courtesy of Pyramis Studios, Durham NC) 

 

 

Now, try working through the Sylvius Self-Study Exercise—Midbrain Surface (blue box below). 
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Review	of	cranial	nerves	and	their	primary	functions	
One means for reinforcing your understanding of the functional significance of the cranial nerves that you 
have just reviewed is to actually test their functions in yourself and your teammates. You will do this as 
you learn the neurological component of the physical examination in the Clinical	Skills	Foundations 
course. For our purposes here, simply review the table below (from Purves et al., Neuroscience, 6th Ed., 
Oxford University Press) and then consider the means by which you would assess the functional integrity 
of the cranial nerves. Actually, there are a number of tests of cranial nerve function that can be done with 
very simple materials. These tests provide considerable information about the presence or absence of 
normal function in the brainstem and the nerves themselves. You should appreciate how such simple tests 
can be used clinically and why a foundational understanding of functional neuroanatomy is critical for 
interpreting the findings from such functional assessments. 

 

To explore the surface of the midbrain when the brain 
is not in hand, open Sylvius4 Online, enter the 
Brainstem Model in the Surface Anatomy group, and 
select Brainstem Model. This module will allow you 
to mouse-over each of the structures identified for 
you in the accompanying lavender chart above. 

Following the same instructions provided in the previous two Self Study Exercises to explore the brainstem 
model in static view, as well as the dynamic model in the “Interactive brainstem rotation” feature folder. Spend 
some time examining this model in these two modes and comparing its surface features with those illustrated 
in the Figure 2.5. 

Now that you have an increased familiarity with the surface features of the midbrain, try to find as many of 
these features as you can in the photographic view of the ventral surface of the autopsy specimen. Enter the 
Photographic Atlas in the Surface Anatomy group, select Unlabeled and view the ventral surface of the brain. 
Again, you should grab the lower-right corner of the image window and pull the window to its maximum extent. 
You should now be able to appreciate both the cerebral peduncles and the interpeduncular fossa. Note the 
paired bumps that reside just medial to the cerebral peduncles where they disappear into the base of the 
forebrain; what are these bumps and in which embryological subdivision of the CNS are they located? 

Although this exercise is aimed at surface anatomy, another quick review of the hemisected brain in the mid-
sagittal plane is worth a minute to reinforce the relation between ventricular compartment and embryological 
subdivision. The patent ventricular system achieves its narrowest constriction in the adult CNS in the midbrain; 
in this view, you can easily appreciate this fact as you recognize the cerebral aqueduct. Here’s a study tip for 
future lessons in sectional anatomy: whenever you see the cerebral aqueduct, you are looking at the midbrain, 
regardless of the plane of section. More generally, whenever confronted with a sectional view of the CNS, look 
first for ventricular compartments; they will quickly cue you as to what division of the CNS you are investigating. 
Finally, what do you see above the cerebral aqueduct in this image? This portion of the midbrain is also called 
the tectum, which means “roof” (the tectum forms the roof of the cerebral aqueduct). 

Sylvius Self-Study Exercise 
–Midbrain surface 
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The brainstem is put back together on the next two pages (Figures 2.6 & 2.7). Make sure that you can 
identify all of the structures (in bold) discussed in this chapter up to this point. 

 

  

For more on cranial nerve exams, visit http://www.neuroexam.com and explore videos that 
show tests of cranial nerve function, with accompanying explanation by Dr. Hal Blumenfeld, 
MD, PhD (author of Neuroanatomy through Clinical Cases; Sinauer Assoc., Inc.). 
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Figure 2.6. The ventral surface of the brainstem (as well as portions of the spinal cord and forebrain). The figure 
is not labeled so that you may use it to test your understanding of the three previous figures. The large swellings 
at the rostral end of the drawing represent the basal ganglia, which cover most of the dorsal thalamus. This 
drawing is based on the brainstem model that is available for your study in the lab; a similar model is presented 
in Sylvius4 Online. (Illustration courtesy of Pyramis Studios, Durham NC) 
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Figure 2.7. The dorsal surface of the brainstem (as well as portions of the spinal cord and forebrain). The 
cerebellum has been removed. At the rostral end, part of the forebrain is seen. The most medial structures are 
the epithalamus and the thalamus. The caudate nucleus is lateral to the thalamus, both of which are medial to 
the internal capsule (indicated by grove in illustration). The most lateral structure is the putamen, which is 
separated from the caudate nucleus by the internal capsule. These forebrain structures will be discussed later in 
the course. (Illustration courtesy of Pyramis Studios, Durham NC)   
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The peduncles 

The four fiber bundles referred to as ‘peduncles’ are illustrated in a simplified drawing in Figure 2.8. The 
functions of these fiber bundles were mentioned above and are considered in some depth later in the 
course. For now, it is sufficient to learn the difference between the cerebral and cerebellar peduncles and 
their locations in the brainstem. Since you have already been introduced to the peduncles; use Figure 2.8 
to understand the spatial organization of the peduncles, and to reinforce your knowledge of their relations 
to the subdivisions of the CNS they interconnect. 

 

 

Figure 2.8. The brainstem from a lateral view. Rostral is toward the top of the figure; ventral is toward the left. 
The cerebral peduncle contains axons that arise from neurons in the cerebral cortex. Many of them terminate 
and form synapses in the pons and other parts of the brainstem. Others travel to the spinal cord; the latter axons 
form the medullary pyramids on the ventral surface of the medulla. Axons in the superior cerebellar peduncle 
arise from neurons in the cerebellum and project to the midbrain and diencephalon. Axons in the middle 
cerebellar peduncle arise from neurons in the base of the pons (the pontine gray matter) and project into the 
cerebellum. Some axons in the inferior cerebellar peduncle arise in the cerebellum and project out to form 
synapses in the brainstem; other axons arise from neurons in the spinal cord and brainstem and project into the 
cerebellum. (Illustration by N.B. Cant) 

 


