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Goals for today 

• Learn the major regions of the brain stem 
• Learn to identify some of the structures in 

those regions 
• Learn strategies to identify the different 

regions of the brain stem 
 



Brainstem: ventral side 

Presenter
Presentation Notes
Cerebral cortex has been removedBrainstem = medulla, pons, midbrainCaudal boundary: spinal cord (foramen magnum)Rostral boundary: diencephalon (mammillary bodies) Medulla-Pons boundary (ventrally): inferior pontine sulcus (--abducens, facial, & vestibulocochlear nerves)Pons-midbrain boundary (ventrally): superior pontine sulcusMidbrain-diencephalon border (ventrally): mammillary bodies



Brainstem: dorsal side 

Presenter
Presentation Notes
Image is not just brainstemBrainstem = medulla, pons, midbrainCaudal boundary: spinal cord (foramen magnum)Rostral boundary: diencephalonMedulla-Pons boundary (dorsally): ~caudal edge of cerebral peduncles & foramen of LuschkaPons-midbrain boundary (dorsally): exit of trochlear nerve (Cranial nerve 4); caudal end of inferior colliculusMidbrain-diencephalon border (dorsally): ~Pineal gland; rostral end of superior colliculus



Brainstem 
• Evolutionarily old 
• Contains cranial nerve nuclei (--Lecture 14) 
• Contains tracts that run long distances (e.g., brain to 

spinal cord) 
• Contains circuits innervating many different parts of 

brain 
– “Reticular formation”: involved in sleep and many other 

functions 
– Includes “monoamine” neurotransmitters 

• Serotonin (5-HT) 
• Norepinephrine (NE) 
• Dopamine (DA) 

 

Presenter
Presentation Notes
Brainstem present in lamprey (pre-fish)Monoamines are evolutionarily oldThe bulge of the pons is from nuclei and fibers innervating cerebellum



Brainstem changes appearance over 
its length 

• Gets bigger 
• Different lumps & bumps 

Ventral view Dorsal view 

rostral 

middle 

caudal 

Presenter
Presentation Notes
Changing appearance contrasts with spinal cordIt’s changing appearance can drive you nuts, but it’s reflecting changes the nervous system 



Why does brain stem change shape? 

• Structures get added 
• Structures end 
• Structures change size 
• Fiber (axon) tracts move  

– E.g. start dorsally and end ventrally 
 

• Shape changes can reflect changes in function 
 

• Hint: when comparing brain stem sections, start with 
the ventricular system—easy-to-find landmark.   

Presenter
Presentation Notes
Changing appearance contrasts with spinal cordThese are about the only reasons that the brain stem changes its appearance: its nuclei get bigger (or begin), its nuclei get smaller (or end), or its fiber tracts change location.  It’s changing appearance can drive you nuts, but the changes reflect changes the nervous system: “Look at me!” 



One more goal for today: Learn 
to look at a brain 

What features do I see? 

Presenter
Presentation Notes
Compare nearby regions and look for differences in their appearances



Major divisions of brain stem 

• divisions 

Ventral view Dorsal view 

Midbrain 

Pons 

Medulla 

Presenter
Presentation Notes
Borders:Spinal cordInferior pontine sulcusSuperior pontine sulcusMammillary bodies



Major divisions of brain stem 

• divisions 

Ventral view Dorsal view 

Midbrain 

Medulla 

Pons 

Presenter
Presentation Notes
Borders:Spinal cordInferior pontine sulcusSuperior pontine sulcusMammillary bodies



There are caudal & rostral portions of 
the medulla 

 

Medulla 



Medulla: rostral half defined by 
presence of 4th ventricle 

 

Medulla 

4th ventricle 



Medulla: caudal & rostral 

 

Medulla 

Rostral division 

Caudal division 



Spinal cord review 

Lateral corticospinal 
tract (crossed) 

Anterior corticospinal 
tract (uncrossed) 

Motor Tracts Somatosensory Tracts 

Presenter
Presentation Notes
Motor tracts and somatosensory tracts—some are crossed and some are not.



Lateral  corticospinal 
tract (crossed) 

Anterior corticospinal 
tract (uncrossed) 

Today: myelin-stained sections 
Myelin (axon tracts) is DARK  

Presenter
Presentation Notes
Sections we’ll be seeing today are stained for MYELIN, i.e. axons.  Myelin is DARK—opposite of section above, where cells stain dark and axons are light.



Caudal medulla: what has changed      
 compared to spinal cord? 

Presenter
Presentation Notes
Corticospinal tract: gone?Dorsal horn: much bigger (spinal trigeminal nucleus—processing pain, temperature and light touch from the face & head)Ventral horn: smaller (controlling two muscles rather than arm and hand)More fibers between ventral horns (pyramidal decussation)Cells apparent in base of dorsal columns: somatosensory fibers synapsing onto gracile and cuneate nucleiSpinothalamic tract and spinocerebellar tract unchanged. 



“Pyramidal decussation”: crossing of 
corticospinal tract 

Medulla Spinal cord 

Presenter
Presentation Notes
Corticospinal tract: crosses midline!--In most of medulla, called “pyramidal tract”Thus: “pyramidal decussation”(Decussation = place where fibers cross midline)  



“Pyramidal decussation” (motor system) 

Spinal cord 
Pyramidal tracts 

Pyramidal 
decussation 

Presenter
Presentation Notes
“pyramidal decussation”(Decussation = place where fibers cross midline)  



“Pyramidal tracts” (motor system) 

Pyramids/ 
Pyramidal tracts 

Presenter
Presentation Notes
“pyramidal decussation”(Decussation = place where fibers cross midline)  



Border of caudal & rostral medulla 

Pyramidal tracts 

Caudal 
medulla  

Presenter
Presentation Notes
Note pyramids (corticospinal tract) are larger—now fully formedSpinothalamic tract and spinocerebellar tract still unchanged.  



Border of caudal & rostral medulla: 
sensory decussation 

nucleus gracilis 
nucleus cuneatus  

Gracile tubercule (bump) 

Sensory 
decussation 

Medial lemniscus 

Presenter
Presentation Notes
(Note larger size of pyramidal tracts—now fully formed)Dorsal column axons synapse onto nucleus gracilis (medial) and nucleus cuneatus (lateral), part of the somatosensory system.  Axons from n. gracilis and n. cuneatus project to somatosensory thalamus as the “medial lemniscus”.  Nucleus gracilis forms a bump on the medial part of the dorsal surface of the medulla: the “gracile tubercule”. Somatosensory thalamus in turn projects to somatosensory cortex.  Spinothalamic tract and spinocerebellar tract still unchanged.  



Rostral medulla 

Border of caudal & rostral medulla 
Inferior olive Medial 

lemniscus 

4th ventricle 

Inferior 
cerebellar 
peduncle 

Presenter
Presentation Notes
4th ventricleInferior oliveMedial lemniscusSpinothalamic tract and spinocerebellar tracts displaced dorsally/posteriorly Inferior cerebellar peduncle



Gross structures of rostral medulla 

Inferior olive Medulla—
ventral view 

Pyramidal 
tracts 

Presenter
Presentation Notes
4th ventricleNotice bulges from inferior olive and pyramidal tractsSpinothalamic tract and spinocerebellar tracts displaced dorsally/posteriorly



Gross structures of rostral medulla 

Medulla—
dorsal view Inferior 

cerebellar 
peduncle 
(including 

spinocerebellar 
tract) 

Presenter
Presentation Notes
4th ventricleNotice bulges from inferior olive and pyramidal tractsSpinothalamic tract and spinocerebellar tracts displaced dorsally/posteriorly



Pons (Latin, “bridge”) 

Pons  

Presenter
Presentation Notes
If someone were lying on their back and you wanted to walk from one side of their cerebellum to the other, you could get across the brainstem on it.  



Pontine nuclei make the big bulge of 
the pons 

Pontine nuclei 

Presenter
Presentation Notes
Pontine nuclei = the white stuff at base of brain stemWhere did bulge of pyramidal tract go?Medial lemniscus, STT, spinocerebellar tract



Where did the pyramids go? 

Pyramidal 
tracts/fascicles 

Presenter
Presentation Notes
Pyramidal tracts become surrounded by pontine nuclei and break into bundles called pyramidal fascicles.  



Pyramidal fascicles: corticospinal fibers plus 
corticopontine fibers innervating pontine nuclei 

Presenter
Presentation Notes
Some cortical motor-system neurons synapse onto spinal cord neurons.  However, others synapse onto brain stem neurons, including neurons in the pontine nuclei.  Neurons in the pontine nuclei send their axons across the midline and then synapse onto cerebellar neurons.  



What happened to the medial 
lemniscus & spinothalamic tract (STT)? 

Medial 
lemniscus 

STT 
Rostral 

medulla 

Pons 

Presenter
Presentation Notes
Inferior olive ends ~at the end of the medulla. Pyramidal tracts are surrounded by (and displaced ventrally by) pontine nuclei.  Medial lemniscus and spinothalamic tract are still roughly in the same location they were, but now are beginning to join together.  They will change their orientation further as they ascend to the thalamus.  



New structures at the level of the pons 
Cerebellum 

Middle 
cerebellar 
peduncle 

Superior 
cerebellar 
peduncle 

Presenter
Presentation Notes
Cerebellum is attached to the pons via the middle cerebellar peduncle, which is composed of fibers from the pontine nuclei that have crossed the midline and then project to the cerebellum.  The superior cerebellar peduncle is composed mostly of fibers originating in the cerebellum and projecting to the rostral midbrain (--Red nucleus) and the thalamus. 



Superior cerebellar peduncle 

Superior 
cerebellar 
peduncle 

Presenter
Presentation Notes
The superior cerebellar peduncle is composed mostly of fibers originating in the cerebellum and projecting to the rostral midbrain (--Red nucleus) and the thalamus. 



Rostral pons: what’s changed? 

Presenter
Presentation Notes
Middle cerebellar peduncle: cut at angle—no longer attached to cerebellum4th ventricle: smaller as it approaches the cerebral aqueductPyramidal tract broken into small bundles (=pyramidal fascicles)



Superior cerebellar peduncle 

Presenter
Presentation Notes
Superior cerebellar peduncle: moved ventrally relative to floor of 4th ventricle.  It’s moving toward its targets (--thalamus & red nucleus) which are closer to the ventral surface of the brain.  



Medial lemniscus 

Presenter
Presentation Notes
Medial lemniscus has flattened out; STT now touches its end.  



Caudal midbrain: What’s changed? 

Presenter
Presentation Notes
(Bend in neuraxis causes pontine nuclei to be visible ventrally when midbrain is visible dorsally.)Middle cerebellar peduncle is smaller (ending).Superior cerebellar peduncle has moved ventrally and medially relative to the ventricular systemVentricular system is a bit smaller and surrounded by gray matter: aqueduct.



Caudal midbrain: medial lemniscus 

STT 
ML 

Presenter
Presentation Notes
Not much change in medial lemniscus/STT



Caudal midbrain: What’s new? 

Presenter
Presentation Notes
Inferior colliculus has appeared: auditory processing.  Colliculus: Latin for “small hill”



Middle mid-brain: what’s changed? 

Presenter
Presentation Notes
Superior colliculus is flat, not round.  It’s not outlined in black like the inferior colliculusCerebral aqueduct is round rather than pointyMiddle cerebellar peduncle is almost goneSuperior cerebellar peduncle is crossing midline: Decussation of the Superior cerebellar peduncle



Medial lemniscus 

STT 

ML 

Presenter
Presentation Notes
Superior cerebellar peduncle is crossing midline: Decussation of the Superior cerebellar peduncle



Middle mid-brain: what’s new? 

Presenter
Presentation Notes
Cerebral peduncle 



Rostral midbrain: what’s changed? 

Presenter
Presentation Notes
Superior colliculi are gone.Medial lemniscus difficult to see.  Cerebral peduncles are fully developedPons has almost ended



Superior cerebellar peduncle 

Presenter
Presentation Notes
Superior cerebellar peduncle not apparent but in its place are the red nuclei, one of the targets of the SCP.  Involved with cerebellum & motor system.  



Rostral midbrain: what’s new? 

Substantia 
nigra 

Presenter
Presentation Notes
Forebrain structures—not part of midbrain! 	corpus callosum	pulvinar of thalamus	pineal gland	medial geniculate nucleus of thalamus (auditory system)Substantia nigra: dopamine neurons—their degeneration causes Parkinson’s Disease



Pinky & the Brain 

• https://www.youtube.com/watch?v=snO68aJT
OpM 
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