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Spinal Cord Objectives:
1. Be able to identify within the cross section of a spinal cord: cervical, thoracic & 

lumbar level, dorsal horn, ventral horn, intermediate gray, intermediolateral cell 
column, substantia gelatinosa; nucleus proprius; nucleus dorsalis; dorsal 
columns, and the major sulci & septum.

2. Be able to distinguish the morphological differences among the different levels of 
the spinal cord and be able to identify what level a specific spinal cord cross-
section was taken from.

3. Be able to describe the anatomy and the function of a dorsal & ventral root, a 
spinal nerve, dorsal & ventral rami, dermatome, sympathetic chain, cauda 
equina, conus medullaris, filum terminale, dorsal root ganglion, dura, arachnoid & 
pia mater, and denticulate ligaments. 



Spinal Cord Anatomy
The spinal cord is located within the vertebral canal, and extends from the foramen 
magnum to the rostral edge of the second lumbar vertebra.  It is covered by the 
meninges (dura, arachnoid & pia).  The dura extends to edges of the IVF, and marks 
the boundary of the CNS and the PNS.  The cord ends in a conical shape called the 
conus medullaris at the rostral edge of the L2 vertebra.  Beyond that, the dorsal and 
ventral roots form a cluster of fibers resembling a horse’s tail (cauda equina) as they 
stream down to exit at their appropriate IVF. 



Conus medullaris

Cauda equina

Filum terminale

L2 vertebra

Cauda equina

Conus 
medullaris

Cauda equina

Filum terminale



Brachial plexus:
C5 – T1

Lumbosacral plexus:
L1 – S2

Spinal nerves: arise 
from / project to the 
spinal cord.  There are 
31 pairs of spinal 
nerves: 8 cervical, 12 
thoracic, 5 lumbar, 5 
sacral and 1 coccygeal.

Sacral  
(S1-S5)

Note: Cervical spinal 
nerves C1-C7 exit 
ABOVE corresponding 
vertebrae; Spinal nerve 
C8 exits BELOW C7 
vertebra; ALL other 
spinal nerves exit 
BELOW corresponding 
vertebrae.
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Presentation Notes
The reason for having 8 pair of cervical nerves is due to the sensory and motor branches of C1 coming off of the cord independently.  The motor branch (muscles of suboccipital triangle) exits the spine above the pedicle for the first cervical vertebrae and is labled C1.  The sensory branch exits the spine below the pedicle and is labled C2.  All other spinal nerves leaving the spinal cord do so as a mixed nerve (both sensory & motor).  Therefore, we have 8 cervical nerves.



A lumbar puncture can determine the CSF pressure and 
draw fluid to check for infection.  A needle is normally 
inserted between the 3rd and 4th lumbar spinous 
processes where the cauda equina are loosely arranged.  
In children, the conus may extend further, so care must be 
taken when performing a lumbar puncture.

Lumbar puncture



Each spinal nerve consists of a dorsal root (containing incoming sensory fibers) and a 
ventral root (containing outgoing motor fibers).  The dorsal and ventral roots travel a 
short distance within the dural sac before leaving the dura at the IVF.  The dorsal root 
ganglion (DRG; cell bodies of afferent fibers) is located in the IVF.  Just distal to the 
DRG the dorsal & ventral roots converge to form the spinal nerve.  

The sympathetic chain is 
attached to the spinal nerve 
via the gray and white rami 
communicantes.  Just distal 
to the sympathetic rami, the 
spinal nerve divides into a 
small dorsal ramus (sensory 
& motor to true back 
muscles) and the larger 
ventral ramus (sensory & 
motor to the majority of 
skeletal muscles).

Dorsal Root

Ventral Root

Dorsal Root 
Ganglion

Spinal 
nerve

Dorsal 
Ramus

Ventral 
Ramus

Sympathetic 
Chain

Sympathetic Rami

Rootlets



ramus

The posterior spinal arteries arise from either the PICA (75%) or the Vertebral arteries (25%).  
They descend on the dorsolateral surface of the cord slightly medial to the dorsal rootlets.  They 
supply the posterior funiculi (dorsal columns) and the lateral funiculi (ascending & descending 
tracts). 

The anterior spinal artery arises from two small branches off the vertebrals at about the level of 
the glossopharyngeal nerve.  These branches unite to form one artery which descends in the 
anterior median fissure; sulcal arteries supply the anterior white matter and most of the gray matter 
of the cord.

Anterior spinal artery

Posterior spinal arteries
25%

75%

Blood Supply of Cord



ramus

Anterior spinal artery

Posterior spinal artery

Anterior spinal medullary artery

Posterior spinal medullary artery

At intermittent levels, branches arise from segmental arteries and bifurcate into anterior & posterior 
spinal medullary arteries, and augment blood supply to thoracic, lumbar and sacral areas of the cord.



A radicular artery much 
larger than most arises 
from the left posterior 
intercostal arteries (T9 –
T12).  It enters the spinal 
canal through the T9-T12 
IVF, ascends to T6, and 
makes a hairpin turn to join 
the anterior spinal artery.  It 
is known as the Artery of 
Adamkiewicz.  This artery 
enhances the ASA and is 
the principle blood supply 
to the lower 2/3rds of the 
cord.  Loss of this artery 
may cause ischemia and 
infarction of the 
lumbosacral cord, 
resulting in paraplegia.

Artery of Adamkiewicz

Presenter
Presentation Notes
“Watershed area” is the medical term referring to regions of the body that receive dual blood supply from the most distal branches of two large arteries, such as the splenic flexure of the large intestine, or in this case, the lumbosacral area of the anterior spinal cord.  Recall that the anterior blood supply reaches most of the gray matter of the cord as well as the anterior white matter areas.



Basic Embryology

Dermatome: Dermis
Myotome:     Muscle
Sclerotome: Skeleton

Somite

Dermomyotome

Sclerotome

Sclerotome
Dermotome

Myotome

A dermatome is an area of skin that is 
mainly supplied by afferent nerve fibers 
from the dorsal root of any single spinal 
nerve. Each of these nerves relays 
sensation from a particular region of skin 
to the CNS. 
The term is also used to refer to a part of 
an embryonic somite. 

Presenter
Presentation Notes
Viruses that lie dormant in nerve ganglia (e.g. varicella zoster virus, which causes both chickenpox and shingles), often cause either pain, rash or both in a pattern defined by a dermatome. The symptoms may not appear across the entire dermatome. 



L1

L2

L3

L4 Lateral Femoral 
Cutaneous n.

L2,3

Genitofemoral n.
L1,2

Dermatomes Peripheral 
Nerve Fields

Dermatomes vs Peripheral Nerve Fields
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Presentation Notes
Individual dorsal roots form a “band-like” pattern; receiving sensory information from only that “strip” of skin.Some dorsal roots send out fibers that unite and form peripheral nerves;  these may overlap 2 or more dermatomes.



C4 – Medial border of clavicle
C5 – Anterolateral shoulder
C6 – Thumb 
C7 – Middle finger
C8 – Little finger
T4 – Nipple line
T6 – Xiphoid process
T10 – Umbilicus 
T12 – Pubis
L2 – Medial thigh
L3 – Medial knee
L4 – Great toe 
L5 – Dorsum of foot

S1 – Lateral foot
S2 – Posteromedial thigh
S3,4,5 – Perianal area 

Key 
Dermotomes
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These are the key ones.



Let’s Build a Spinal Cord !

White Matter
(Axons)

Central Canal

Gray Matter (Cell bodies)

Dorsal

Ventral



Posterior Median Sulcus

Posterior Lateral Sulcus

Posterior Intermediate Sulcus

Anterior Lateral Sulcus
Anterior Median Fissure

Posterior 
Funiculus 
(Dorsal      

Columns)
Lateral 
Funiculus

Anterior 
Funiculus

Tract of Lissauer

Anterior Commissure
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Presentation Notes
Dorsolateral fasciculus (Lissauer's tract) - ascending and descending small diameter myelinated and unmyelinated fibers and propriospinal fibers which generally terminate in the substantia gelatinosa. These fibers convey primarily pain, temperature and light touch information.



Cytoarchitecture
of Gray Matter

Dorsal

Ventral

I

II
III

IV

V

VI

VII

VIII

IX

X

Substantia 
gelatinosa

Nucleus proprius

Dorsal nucleus of Clark

Intermediolateral
nucleus

Alpha motor neurons 
of the ventral horn

Central 
canal

Rexed’s
Lamina 

Major 
Nuclei



In neuroanatomy, a nucleus (pl: nuclei) is a cluster of 
neurons in the central nervous system.  A nucleus 
may itself have a complex internal structure, with 
multiple types of neurons arranged in clumps 
(subnuclei) or layers.

Nuclei of the Spinal Cord



Dorsal

Ventral

GSA

GVA
GVE

GSE

These “columns” of nuclei with 
specific functional components 
maintain their location throughout 
the spinal cord, and “flatten out” 
when they reach the brainstem.

Nuclei of the Spinal Cord



Dorsal

Ventral

SG
PMN

NP

CN

IML

M
MML

L L
L

L

IMM

αMN

• PMN: Posteromarginal nucleus
• SG: Substantia gelatinosa
• NP: Nucleus proprius
• CN: Nucleus dorsalis (of Clark)
• IML: Intermediolateral nucleus
• IMM: Intermediomedial nucleus
• L: Lateral motor nuclei
• M: Medial motor nuclei

Medial & Lateral Motor Nuclei (αMN)



Dorsal

Ventral

SG
PMN

NP

CN

IML IMM

αMN

• Proximal muscles (axial skeleton; P) are 
located medially;

• Distal muscles (hands & feet; D) are 
located laterally;

• Extensor muscle groups (E ) are located 
ventrally;

• Flexor muscle groups (F) are located more 
dorsally.

• Final common pathway to muscles; LMN’s

Medial & Lateral Motor Nuclei (αMN)

F

E
P

D





Those silly hoo-
mans still think this 

is THEIR bed.

Yeah, Right !

Pirate – that’s very 
uncivilized how 
you are laying.

Do I  LOOK like    
I care ?

Puppy Pictures



Ascending Tracts Objectives
1. Draw the course of the dorsal column pathway, spinothalamic pathway, and 

spinocerebellar pathways 

2. Recognize what receptors are involved in each of the major ascending 
pathways

3. Recognize the difference between cortical areas 312 and 4

4. Discuss proprioception and its relationship to the Romberg sign

5. Define medial lemniscus, nucleus cuneatus, nucleus gracilus, internal 
arcuate fibers, VPL, and cerebellar peduncle



Major Ascending & Descending Tracts

Ventral

DorsalFasciculus gracilis

L  S

Fasciculus cuneatus

C   TDorsal spinocerebellar 

Ventral spinocerebellar 

Spinothalamic
Ventral (anterior) corticospinal

Rubrospinal

Medial Longitudinal 
Fasciculus (MLF)

Tectospinal 

Lateral corticospinal

Descending
Efferents

Ascending
Afferents



Dorsal Column Pathway (DCP)

Information relayed:

2 point discrimination (stereognosis)

Vibration sense (i.e. tuning fork)

Proprioception (position sense from muscle spindles 
and golgi tendon organ receptors)

GSA
(General Sensory Afferents)



Area 312

ML

VPL

Area 312 of post central gy

2 point discrimination
Vibration
proprioception

Fasciculus cuneatus
(dorsal columns)

Nucleus cuneatus

Medial lemniscus

Internal arcuate fibers to

VPL  nucleus of thalamus

Dorsal Column 
Pathway (DCP)

Presenter
Presentation Notes
Everything labelled. Remember DCP info reaches the OPPOSITE cortex.  Cutting the tract in the cord results in ipsilateral loss---ie  deficits on same side of cord as lesion----while a stroke of the right cortex will wipe out vibration sense—etc-- on the left side of the body.



The Spinothalamic Tract (STT)

Information relayed:

Pain
Temperature
Crude touch

GSA
(General Sensory Afferents)

Classic pain pathway



Nucleus Proprius
• “Proper” sensory nucleus
• Found at all cord levels
• Receives multiple sensory inputs, 

which synapse on interneurons 
and …

• Contains 2nd order tract neurons 
that cross in the anterior 
commissure and ascend 
contralaterally as the 
spinothalamic tract

STT

Presenter
Presentation Notes
Nucleus proprius in dorsal horn—the true origin of the spinothalamic tract.



• 3rd order fibers pass through the 
corona radiata into the cortex, 
where they synapse in area 3,1,2 of 
the primary sensory cortex in the 
post-central gyrus.

VPL

Area 312 of post central 
VPL  nucleus 
of thalamus

STT



The syrinx expands 
and wipes out the 
spinothalamic fibers 
that are crossing    
at the level of the 
lesion.
In the early stages 
of syrinx formation, 
STT fibers are 
spared above and 
below the lesion, 
such that one gets a 
“vested’ loss of 
sensation.

Syringomyelia



Brown-Sequard Syndrome

At the level of the lesion, loss of all sensory information 

Below the lesion, ipsilateral dorsal columns (propriocep   

Below the lesion, contralateral spinothalamic tract (pain  

Above the lesion, sensory information unaffected.  

Presenter
Presentation Notes
Hemisection of the cord:  DCP  cut on ipsilateral side; STT cut on contralateral side.Cortical lesion:  DCP and STT cut on the contralateral side.REMEMBER: A stroke of one cortical hemisphere would wipe out BOTH the STT and DCP on the opposite side (remember both cross before reaching the cortex: STT in cord, DCP in medulla)



VPL

STT

VPL  nucleus 
of thalamus

DCP

Area 312

ML

VPLVPL

ML

Area 312 Area 312



The Spinocerebellar Tracts (SCT)

Unconscious proprioception

Relayed to Cerebellum for Coordination 
of Voluntary Movements



Dorsal Spinocerebellar Tract (DSCT)
• Arises from Clark’s Nucleus (C8-L2)
• Relays muscle position & stretch
• Uncrossed pathway

Ventral Spinocerebellar Tract (VSCT)
• Arises from dorsal horn and 

intermediate gray
• Rexed laminas (V-VII)
• Relays info of tone of spinal motor 

centers from Interneurons
• Double crossed pathway

SCT

Clark’s Nucleus 

Dorsal 
Spinocerebe

llar Tract

Ventral 
Spinocereb
ellar Tract 

Presenter
Presentation Notes
The spinocerebellar tracts reside in the lateral funiculus and use Clark’s nucleus----(and some of a little nucleus called the lateral cuneate nucleus)



DSCT

   

First order fibers from muscle spindles (Ia) 
and Golgi tendon organs (Ib) synapse in the 
nucleus dorsalis of Clarke that extends from 
C8 to L2. 
Second order fibers ascend ipsilaterally
(uncrossed), then travel through the inferior 
cerebellar peduncle in the medulla, and 
terminate ipsilaterally in the cerebellum.  
• This tract provides the cerebellum with 

information about the status of muscle 
length, muscle contraction velocity and 
muscle tension. 

• The individual is normally unaware of   
this information being transmitted 
(nonconscious proprioception). 

• Damage to the dorsal spinocerebellar 
tract results in the loss of nonconscious 
proprioception and coordination ipsilateral 
to the lesion. 



The Cuneocerebellar Tract

Afferent fibers entering the spinal cord rostral 
(above) C8 ascend ipsilaterally in the fasciculus 
cuneatus and project to neurons located in the 
accessory (lateral) cuneate nucleus of the 
lower medulla. Neurons located in this nucleus 
then give rise to the cuneocerebellar tract.
• The CCT is functionally related to 

proprioceptive information from the upper 
limb, conveying nonconscious 
proprioception.

• The fibers in this tract then terminate in the 
cerebellar cortex.



Ventral 
spinocerebellar tract

VSCT

Note that the tract first crosses in the spinal 
cord and then crosses a second time in the 
superior cerebellar peduncle and 
terminates in the cerebellum. Contrary to 
what Siegal says, we teach that the VSCT 
receives no direct peripheral input, but 
rather “samples and relays information 
regarding the state of spinal cord 
interneurons.”  The important thing is that it 
is double crossed - and really cannot be 
assessed clinically.



Fasciculus Gracilus

Fasciculus Cuneatus

Dorsal 
Spinocerebellar 
Tract

Ventral 
Spinocerebellar 
Tract

Spinothalamic Tract

Ascending Tracts Quiz:

Click on a tract to check your answer

Presenter
Presentation Notes
Major ascending tracts



It’s very hot, dad. 
Can we go in da pool?
P W E E E E E Z Z E !

Pirate is on sentry duty.  AH!  
A bunny has trespassed on 
the deck!  Alert, Dad, ALERT!



Descending Tracts Objectives

1. Draw the course of the corticospinal pathway

2. Describe the difference between an upper motor neuron and a lower motor 
neuron

3. Recognize the difference between cortical areas 3,1,2 and 4

4. Discuss the cellular anatomy of the pyramidal cell

5. State the signs of a corticospinal tract lesion based on location of the lesion



CST

90% <10%

The corticospinal tract controls fine, voluntary 
movements.  It is the largest, and most important 
descending tract in the CNS.  It arises from the 
cerebral cortex, passes through the brain, 
brainstem, and finally into the spinal cord, where 
the axons terminate on the α-motor neurons in the 
ventral horn.  It is somatotopically organized 
throughout it’s entire length; it is also referred to 
as the “Upper Motor Neuron.”



The Corticospinal Tract axons can control voluntary 
movements both directly and indirectly:

• Direct is powerful, monosynaptic, excitatory 
synapses onto both the α-MNs and γ-MNs in the 
ventral horn of the spinal cord (and cranial motor 
nuclei) from the Primary motor cortex (4).

• Indirect is via parallel pathways in the brainstem 
(reticulospinal, rubrospinal & tectospinal pathways), 
and is typically polysynaptic via interneurons in the 
intermediate gray areas of the cord.  These auxiliary 
pathways can be inhibitory (Ia) and multisegmental
(long & short propriospinals).

• 40% of the output in the CST is derived from the 
Primary Motor Cortex (4), 30% from the Premotor 
Areas (6 & 8), and 30% from the Primary Sensory 
Cortex (3,1,2).

Primary inputs to the Motor Areas of the 
Cortex

Important FactsCST

4
6

1 23



CST
Internal 
Capsule Midbrain

Pons

Medulla

CST fibers in 
Internal Capsule

Pyramidal decussation

Anterior Corticospinal tract

CST fibers in Pyramids

CST fibers in Basilar Pons

CST fibers in Crus Cerebri

Lateral CST
LTA

AT
L

L T A

L T A

LT
A

Spinal Cord

F

F

Presenter
Presentation Notes
Note that a majority of corticospinal fibers cross to the contralateral side in the caudal medulla (pyramidal decussation) and descend as the lateral corticospinal tract.The remaining fibers descend ipsilaterally as the anterior corticospinal tract (but distributes bilaterally).  



CST

Dorsal Horn (30%):
• Modulate sensory afferents
• Originate in Primary Sensory Cortex (3,1,2)

Intermediate Gray (30%):
• Activate pre-programmed or “kernel” circuits (walking)
• Rapid, multi-segmental movements
• From Premotor (6) and Supplementary Motor (8) Areas

Ventral Horn:
• Independent digit movements (Area 4 only)
• Complex, voluntary movements

Anterior CST:
• Postural control primarily to axial skeleton
• Bilateral limb movements & circuits

CST Terminations



Corticobulbar fibers synapse 
on Cranial Nerve Nuclei

Corticobulbar fibers CST Other 
Descending 
Pathways



Vestibulospinal & Rubrospinal Tracts Reticulospinal & Tectospinal TractsOther 
Descending 
Pathways



• Each muscle fiber is innervated by only a single      
α-motor neuron.

• Each motor neuron, however, innervates MANY 
muscle fibers.  The number of muscle fibers a single 
axon innervates determines that motor neuron’s 
“Innervation Ratio.”

• All of the muscle fibers innervated by a single motor 
neuron (a motor unit) respond in an identical 
manner, and are of the same biochemical type.  This 
is determined by the CNS, not the muscle.

• The innervation ratio varies between muscles, but is 
roughly proportional to the size of the muscle;
• gastrocnemius muscle ~ 2000:1 
• lumbrical muscle ~ 10:1

• A low innervation ratio indicates finely graded 
control of muscle force, such as in the small 
muscles of the hand; high innervation ratio indicates 
speed or power (force).

A “Motor Unit” is defined as a single α-motor neuron and ALL of the muscle 
fibers it innervates. It is the smallest element controlled by the CNS.

10:1
1000:1



Motor Unit

Force (and/or velocity) of muscle contraction is regulated:
• Motor units are recruited in a fixed order:  from 

weakest (slow type) to strongest (fast fatigable type); 
larger motor neurons are only recruited with a 
significant increase in the stimulus strength; this 
phenomenon is referred to as the “Size Principle.”

• Small motor units (A) stimulate only a handful of muscle fibers, which results in precise movements
• Large motor units (B) result in powerful or rapid movements
• The size of the a-motor neuron is directly related to the number of muscle fibers it innervates and the 

biochemical type of muscle fibers:
• small motor units (A) innervate slow type muscle fibers
• intermediate motor units innervate Fast fatigue-resistant fibers 
• large motor units (B) innervate Fast fatiguable fibers 

Presenter
Presentation Notes
The gluteus maximus has a few large motor units because its actions are not precise—while the flexor digitorum profundus has zillions of small motor units·        the weakest input to a motor neuron pool in the ventral horn will recruit the smallest neurons first - those of the slow motor units, which then generate a small but consistent force which can be maintained almost indefinitely.  As the input to the motor neuron pool increases, the fast fatigue-resistant motor neurons will also be recruited and increase the force of the contraction.  Finally, if a large force is necessary, the input to the motor neuron pool will again increase, and the largest motor neurons - those belonging to the fast fatiguable motor units - will be recruited and the force of the contraction will increase to its maximum.  Remember - fast fatigable muscles only maintain their force for a short period of time! and the muscle will fatigue quickly.



C: cervical
T: thoracic
L: lumbar
S: sacral

S L T C

CST
Damage to the CST anywhere along its 
extensive route from the cortex to the 
ventral horn will produce an “Upper Motor 
Neuron” lesion.  The upper motor neuron is 
the control pathway which initiates a 
voluntary movement and controls the 
amplitude of the response.  Upper motor 
neuron lesions result in spasticity (due to 
decreased stimulation of the motor 
execution interneurons), exaggerated 
reflexes (hyper-reflexia, due to decreased 
inhibitory interneuron stimulation by CST), 
and some hemiplegia (decreased 
stimulation to α-motor neurons by the 
cortex).  There is no profound atrophy, only 
weakness   These responses will be seen at 

Lesions



Rubbing the sole of the foot with a blunt object can result in 3 responses:

Flexor: the toes curve inward and the foot everts; this is the response seen in 
healthy adults.  This mimics the foot “slipping,” with the normal response being to flex 
the toes in order to “hang on)
Indifferent: there is no response.  This is normal if the subject has been standing or 
walking around, since the pressure receptors will have accommodated.

Extensor: the hallux dorsiflexes and the other toes fan
out – the Babinski's sign - indicating damage to the
central nervous system, specifically the CST (UMN).
The CST projecting to the ventral horn of lumbosacral
plexus are some of the longest neurons in the human 
body.

A positive sign is normal in infants due to the unmyelinated CST until 12-14 months.

Babinski sign – Indicative of an UMN Lesion



Pathology correlation: ALS

ALS destroys the anterior horn cells, ventral rootlets, 
and the CST fibers.  Lower motor neuron signs 
dominate: there is severe atrophy of all muscles 
affected.

Presenter
Presentation Notes
The pathology of ALS is degeneration and loss of motor neurons in the anterior horns and motor nuclei of brain stem, associated with gliosis, microglial activation, and cytoplasmic deposits of TDP-43, ubiquitin, and SOD1. Eosinophilic cytoplasmic inclusions (Bunina bodies) are present in anterior horn neurons in many cases. There is atrophy of anterior roots. Because of loss of lower motor neurons, muscles undergo denervation atrophy. There is also degeneration of upper motor neurons. As the name of the disease indicates, this is most evident in the lateral corticospinal tracts, which lose axons and myelin and become gliotic. The anterior corticospinal tracts are affected in a similar fashion. Involvement of the internal capsule and motor cortex is usually mild or inapparent, but in severe cases there is loss of upper motor neurons (Betz cells). 



ASAS is a rare cause of spinal cord acute ischemic 
myelopathy but is the most common cause of spinal 
cord infarcts.  The anterior spinal artery supplies the 
anterior two-thirds of the spinal cord and runs along 
the entire length of the anterior surface of the spinal 
cord. If the blood flow through the anterior spinal artery 
becomes occluded, the anterior two-thirds of the spinal 
cord will suffer an infarct, resulting in bilateral lower 
extremity paresis or paraplegia with loss of pain and 
temperature sensation. This clinical manifestation is 
known as anterior spinal artery syndrome (ASAS).  
Proprioception, vibratory sense, and fine touch will be 
preserved. The neurological deficits will manifest 
below the lesion due to the anatomical distribution of 
the spinal cord tracts affected.

Anterior Spinal Artery Syndrom  

Subacute Combined Degeneration

Subacute combined degeneration of the spinal cord is 
a neurological complication of vitamin B12 (cobalamin) 
deficiency. A deficiency of vitamin B12 can occur as a 
result of nutritional deficiency, reduced absorption due to 
altered gastrointestinal anatomy or function, or due to 
the intake of certain drugs. Subacute combined 
degeneration is characterized by degeneration of the 
dorsal columns and the lateral columns of the spinal 

        





Brainstem Objectives
1. Describe and recognize the 6 major brainstem levels:  caudal & rostral 

medulla, caudal & rostral pons, caudal and rostral midbrain.
2. Within each brainstem level be able to identify the location of the major 

ascending and descending tracts: Corticospinal, Spinocerebellars, Dorsal 
column/medial lemniscus, Spinothalamic & MLF; be able to follow them 
throughout the brainstem.

3. Identify ALL of the Cranial Nerve nuclei; Identify & distinguish between 
nuclei that contain norepinephrine, dopamine, serotonin & acetylcholine.

4. Be able to identify the following structures within their respective brainstem 
levels: superior and inferior colliculi, periaqueductal gray, cerebral aqueduct, 
red nucleus, substantia nigra, cerebral peduncle, decussation of SCP; pons, 
cerebellar peduncles, deep cerebellar nuclei, fourth ventricle; olivary nuclei, 
pyramids, internal arcuate fibers, nucleus gracilis & cuneatus, 
vestibulospinal tract, spinal trigeminal nucleus & tract, solitary nucleus & 
tract, principle blood supply, cranial nerve nuclei.



• Midbrain
• Pons
• Medulla

• Medial geniculate

• Floor of 4th ventricle
• Cerebellar peduncles

• Thalami
• Pineal gland

• Superior colliculi
• Inferior colliculi

• Lateral geniculate

Posterior view
Dorsal view

Presenter
Presentation Notes
Note pineal projecting out near the back of the 3rd ventricle.  Also the posterior part of the thalami are visible.Note the geniculates and their brachium (arms connecting to respective colliculi); the geniculates function exactly the same as the thalamus, as relay nuclei to the cortical areas for auditory (medial) and visual (lateral) information.SLO AIM



• Midbrain
• Pons
• Medulla
• Optic chiasm
• Optic tracts
• Mammillary bodies
• Cerebral peduncles
• Interpeduncular fossa
• Middle cerebellar pedu
• Pyramids
• Olives

Anterior view
Ventral view

• Pyramidal decussation

Presenter
Presentation Notes
Mammillary bodies play a role in memory; connect to hippocampus via fornix; degenerate in severe alcoholism.



Mammillary bodies

Pituitary stalk

Interpeduncular fos

Basilar pons

Olives

Pyramids

Flocculus (cerebel

Cerebellum

I    Olfactory tract

II   Optic nerve, chiasm, tract

III   Oculomotor nerve

IV   Trochlear nerve

V   Trigeminal nerve

VI   Abducens nerve

VII   Facial nerve

VIII   Vestibulocochlear n.

IX   Glossopharyngeal n.

X    Vagus nerve

XI   Accessory nerve

XII   Hypoglossal nerve



III
IV

V
VI
VII
VIII

IX
X
XI
XII

Midbrain

Pons

Medulla

CN III 

(CN V)

(CN VII)

(CN VIII)

(CN VI)

(CN IX)

Vagus n. (CN X)

(CN XII)

(CN XI)

Anterior view.

Presenter
Presentation Notes
The brainstem is the site of emergence and entry of the 10 pairs of true cranial nerves (CN III-XII). 2 from midbrain, 4 from pons,--4 from medullaCN I (olfactory) projects directly to archicortical areas (really old areas of the brain)CN II projects to the lateral geniculate nucleus, which is a posteriorly displaced nucleus of the thalamus



Caudal medulla (fused baby feet)
Pyramids,  Internal arcuate fibers (IAF) crossing to form Medial lemniscus, 
Nucleus gracilis,  Nucleus cuneatus,  Spinal tract and nucleus of V

Py

M
L

Presenter
Presentation Notes
Pain & temperature fibers from the face pass by the semilunar ganglion and into the pons, then form the spinal trigeminal tract which descends down to the caudal medulla-upper cervical area of the cord to finally synapse in the spinal trigeminal nucleus.



Rostral medulla (“open” medulla)
Pyramids, Medial lemniscus, Spinal tract and nucleus of V, Inferior olivary nucleus, Inferior 
cerebellar peduncle, Open 4th ventricle, Medial Longitudinal Fasciculus (MLF), Solitary tract 
& nucleus (NTS), Hypoglossal nucleus, Dorsal Motor Nucleus of Vagus (DMN)

Py

M
L IO

12 10 NTS

Presenter
Presentation Notes
The MLF coordinates eye movements with head & neck movements by connecting the nuclei of III, IV, with vestibular nuclei and neck muscles.Here we can see the crossing climbing fibers consisting of olivo-cerebellar afferents entering the cerebellum via the inferior cerebellar peduncle (ICP)



Caudal Pons (“bridge”)
F G E D

CST

Corticospinal tract, Medial lemniscus, Spinal tract and nucleus of V, 
Abducens nucleus, Facial motor nucleus, Facial colliculus, MLF, Pontine 
grey, Deep cerebellar nuclei (Fastigial, Globose, Emboliform, Dentate), 
Middle cerebellar peduncle (MCP), Superior cerebellar peduncle (SCP)

6

7

MCP

Presenter
Presentation Notes
See how the dentate nucleus looks like the olive.  We see the ponto-cerebellar fibers (mossy fibers). The reticular formation is seemingly everywhere.



Also: observe the SCP (mostly 
efferent) preparing to 
cross(decussate) on its way to the 
red nucleus

Rostral Pons (4th Ventricle closing)
Corticospinal tract, Medial lemniscus, MLF, Pontine grey, Middle cerebellar peduncle (MCP), 
Superior cerebellar peduncle (SCP), Periaqueductal gray (PAG)

Anterior medullary velum

STT

CST

SCP

Presenter
Presentation Notes
Note large basal pons.Medial lemniscus preparing to enter the thalamus “feet first” (VPL)STT entering VPL also (getting kicked like a soccer ball by ML)Beginning of PAG (peri aqueductal gray); modulates pain and autonomic functions



Caudal Midbrain (Inferior Colliculus)
Corticospinal tract, Medial lemniscus, MLF, decussation of Superior cerebellar peduncle (SCP), 
Periaqueductal gray (PAG), Cerebral aqueduct (of Sylvius), Inferior Colliculus sitting on Lateral 
lemniscus (golf ball on a tee), Cerebral peduncles, Interpeduncular fossa.

CST

SCP

IC

LL

Presenter
Presentation Notes
Appearance of the inferior colliculus (slo-aim)IC deals with auditory functions via the medial geniculate.Cerebral peduncles (feet of the cerebrum) replace the basal pons.  Very important—CST runs in center of cerebral peduncle



Rostral Midbrain (Superior Colliculus)
Corticospinal tract, Medial lemniscus, MLF, Periaqueductal gray (PAG), Cerebral aqueduct 
(of Sylvius), Superior Colliculus (laminated), Oculomotor & Edinger-Westphal nuclei, 
Cerebral peduncles, Interpeduncular fossa, Red nucleus, Substantia nigra (dopamine).

Upside down “Mickey Mouse”

Presenter
Presentation Notes
In a myelin stained section, the substantia nigra does not appear dark; in an unstained brain, however, it has a blackened appearance relative to the rest of the rostral midbrain.



The Reticular Formation of the brainstem 
is involved in multiple functions.

Presenter
Presentation Notes
Output to cerebrum is termed ARAS,-ascending reticular activating system; important in sleep wake cycles



Locus Coeruleus (blue dots) contains noradrenalin

Extensive CNS projections

May adjust background level 
of sensitivity

Locus 
Coerule
us

Presenter
Presentation Notes
Actually look blue on an unstained brain.



Substantia nigra (black substance) and the Ventral Tegmental 
Area contain Dopamine.

Lesion VTA = 
some form of 
mental illness

Unstained brainstem

Substantia nigra



Raphe neurons contain Serotonin (5-HT)

Presenter
Presentation Notes
Raphe means “seam”Like those of the LC, Raphe neurons project to many areas, and may adjust levels of attention or arousal



Neurons of the Rostral Brainstem and Basal Forebrain 
Contain Acetylcholine

Destruction of these cholinergic pathways may lead to Alzheimer’s

Meynert
projects to 
widespread 
areas of the 
cerebrum;

Septal nuclei 
project to 
hippocampus

Dorsolateral 
pontine 
tegmental 
constellation of 
cholinergic 
neurons project 
to thalamus, 
cerebellum and 
brainstem 
reticular 
formation.

Presenter
Presentation Notes
Major cholinergic projections of the central nervous system. Two groups of projections exist: the magnocellular basal forebrain cholinergic system and the brainstem cholinergic system. The magnocellular basal forebrain cholinergic system includes the medial septal nucleus, the vertical and horizontal limbs of the diagonal band of Broca, and the nucleus basalis magnocellularis (Meynert). The horizontal limb of the DB and nBM has extensive diffuse projections to neocortex as well as projections to basolateral amygdala and olfactory bulb. The MS and vertical limb of the DB project to hippocampus and entorhinal cortices.The brainstem cholinergic system includes the pedunculopontine tegmental nucleus (PPT) and laterodorsal pontine tegmentum (LDT) and projects predominantly to the thalamus but also to the basal forebrain region.



Raphe works in a vineyard picking grapes; therefore

SE Raphe’s Sustantial Dopey blue NE’s 

Raphe - Serotonin
Substantia Nigra - dopamine
Locus coeruleus – noradrenalin (nor-epinephrine)

And his uncle,

Uncle Meynert, has trouble remembering to move his cholinergics

Basal nucleus of Meynert contains cholinergic (ACh) neurons which, when 
damaged, may cause the memory destroying disease called Alzheimer’s.

Helpful (?) mnemonics



PICA stroke: Wallenberg Syndrome (L)

Presenter
Presentation Notes
Structures affected in lateral medullary syndrome:Transverse view of nuclei affected in the left lateral medullary syndrome. The posterior inferior cerebellar artery (PICA) originates from the vertebral arteries and supplies the lateral most aspect of the medulla. The PICA supplies vestibular nucleus, spinal trigeminal nucleus, and nucleus ambiguus. Furthermore, the inferior cerebellar peduncle, sympathetic tract, and spinothalamic tract can also be affected as these structures extend through the dorsolateral aspect of the medulla.Lateral view of the brainstem level affected in lateral medullary syndrome. The red line indicates the level being described is the medulla in this syndrome. Ventral view of the brainstem level affected in lateral medullary syndrome. The red circle indicates that the PICA is affected in this syndrome. 



• The green lines indicate loss of pain and 
temperature of the contralateral arm and leg 
(spinothalamic tract). 

• The yellow lines represent ataxia of the ipsilateral 
arm and leg (spinocerebellar tract). 

• The purple lines on the left face indicate loss of 
pain and temperature of the ipsilateral face 
(sensory nucleus of trigeminal nerve). 

• The red circle represents Horner's syndrome 
(Ptosis, miosis & anhydrosis) of the ipsilateral   
eye (sympathetic pathway). 

• Furthermore, patients may experience vertigo and 
nystagmus (vestibular nucleus), loss of the gag 
reflex (vagus nerve), and dysphagia (nucleus 
ambiguus and glossopharyngeal nerves).

PICA stroke: Wallenberg Syndrome

Presenter
Presentation Notes
This stroke thus affects balance, taste, speech, and produces a Horner’s syndrome; loss of pain and temp in lower body below lesion on contralateral side (STT); loss of pain and temp on ipsilateral side of head (V).



ASA stroke: Medial Medullary Syndrome (L)

Presenter
Presentation Notes
Structures affected in medial medullary syndrome Transverse view of nuclei affected in left medial medullary syndrome. The anterior spinal artery is a single midline structure that receives blood from the bilateral vertebral arteries. This artery supplies the medial aspect of the medulla. The anterior spinal artery supplies the pyramidal tracts, medial lemniscus, medial longitudinal fasciculus, and hypoglossal nucleus.Lateral view of the brainstem level affected in medial medullary syndrome. The red line indicates the level being described is the medulla in this syndrome.Ventral view of the brainstem level affected in medial medullary syndrome. The red circle indicates that the anterior spinal artery is affected in this syndrome.  



strong weak

Ask patient to look righ
ASA stroke: Medial Medullary Syndrome

• The red lines represent weakness of the 
contralateral arm and leg (corticospinal 
tract). 

• The blue lines indicate loss of vibration 
and proprioception of the contralateral 
arm and leg    (medial lemniscus). 

• B (eyes) represents internuclear
ophthalmoplegia of the ipsilateral eye 
(MLF).  When an attempt is made to look 
to the right, the left eye will not adduct 
(won’t move medially), whereas the right 
eye will abduct with nystagmus (quivers 
or bounces).

• C (tongue) indicates deviation of the 
tongue towards the side of the lesion 



AICA stroke: Lateral Inferior Pontine Syndrome (L)

AICA stroke is 
clinically very 
similar to the 
PICA stroke

Presenter
Presentation Notes
Structures affected in lateral pontine syndromeTransverse view of nuclei affected in left lateral pontine syndrome. The anterior inferior cerebellar artery (AICA) branches from the early basilar artery. This artery supplies the lateral aspect of the pons. The AICA supplies the cochlear nucleus, vestibular nucleus, facial nucleus, spinal trigeminal nucleus, and spinothalamic tract.Lateral view of the brainstem level affected in lateral pontine syndrome. The red line indicates the level being described is the pons in this syndrome.Ventral view of the brainstem level affected in lateral pontine syndrome. The red circle indicates that the AICA is affected in this syndrome.  



Basilar stroke: Medial Pontine Syndrome (L)

Presenter
Presentation Notes
Structures affected in medial pontine syndrome Transverse view of nuclei affected in left medial pontine syndrome. The paramedian pontine arteries are branches originating from the basilar artery. These branches supply the medial aspect of the pons. These branches supply the abducens nucleus, facial nucleus, medial longitudinal fasciculus, medial lemniscus, and corticospinal tracts. However, rarely are all these structures affected with a single infarction due to the numerous branches anastomosing in the pons.Lateral view of the brainstem level affected in medial pontine syndrome. The red line indicates the level being described is the pons in this syndrome.Ventral view of the brainstem level affected in medial pontine syndrome. The red circle indicates that the paramedian pontine arteries are affected in this syndrome.  



Basilar stroke: Medial Pontine Syndrome

The red lines represent 
weakness of the 
contralateral arm and leg 
(corticospinal tract). 
The blue lines indicate loss 

   

Lesions of the abducens nucleus result in a paralysis of 
the ipsilateral lateral rectus muscle and double vision 
(diplopia) due to damage to the PPRF. Consequently, 
damage to the abducens nucleus results in an inability 
to direct either eye towards the side of the lesion 
(lateral gaze paralysis).

Combined lesion of Left Abducens and PPRF/MLF

MLF VI MLFOK



PCA stroke: Medial Midbrain Syndrome

Presenter
Presentation Notes
Structures affected in medial midbrain syndrome:Transverse view of nuclei affected in left medial midbrain syndrome. The proximal penetrating branches of the posterior cerebral artery supply the most medial aspect of the midbrain. These branches supply the corticospinal and corticobulbar tracts as well as the oculomotor nucleus.Lateral view of the brainstem level affected in medial midbrain syndrome. The red line indicates the level being described is the midbrain in this syndrome.Ventral view of the brainstem level affected in medial midbrain syndrome. The red circle indicates that the posterior cerebral artery (proximal branches) is affected in this syndrome.



The red lines represent weakness of the 
contralateral arm and leg (corticospinal 
tract) and contralateral face (corticobulbar 
tract). 
(B) The eye position at rest indicates an 
ipsilateral eye that is “down and out” (loss 
of oculomotor nucleus) with dilation and an 
unresponsive pupil (loss of Edinger-
Westphal nucleus).

PCA stroke: Medial Midbrain Syndrome

Down & Ou

Presenter
Presentation Notes
Only the lateral rectus (pulls eye laterally) and the superior oblique (pulls eye down) muscles remain intact, and therefore pull the ipsilateral eye “down & out”Damage to the EW nucleus prevents the pupil from constricting, so the pupil is large and unresponsive to light.



The remaining slides contain ALL of the structures you 
should be able to identify on a brainstem section.

Knowing these will allow you to localize a lesion in the 
brainstem to a specific level.

Click on any colored box and the name of the structure 
will appear.  Colors have been maintained throughout the 
course of the slides for consistency and to allow you to 
see how these pathways progress through the brainstem.



Fasiculus Gracilus
Fasiculus Cunneatus
Spinal Trigeminal Tract
Spinal Trigeminal Nucleus

Dorsal SpinoCerebellar Tract
Ventral SpinoCerebellar Tract

SpinoThalamic Tract

RubroSpinal Tract

C1 Spinal Cord (Slide 40)

The University of Kansas School of Medicine

Medial Longitudinal Fasciculus
TectoSpinal Tract
Reticulospinal & 

Vestibulospinal Tracts

CorticoSpinal Tract

A



Medulla – Pyramidal Decussation (Slide 38)

Loyola University Stritch School of Medicine

Fasiculus Gracilus
Fasiculus Cunneatus

Spinal Trigeminal Tract
Spinal Trigeminal Nucleus

Dorsal SpinoCerebellar Tract
Ventral SpinoCerebellar Tract Medial Longitudinal Fasciculus

TectoSpinal Tract

Reticulospinal & 
Vestibulospinal

Tracts

SpinoThalamic Tract

RubroSpinal Tract

Solitary Nucleus
Nucleus Gracilus

NG

Nucleus Cunneatus
NC

Pyramidal Tract (CST)



Medulla – Sensory Decussation (Slide 35)

Loyola University Stritch School of Medicine

Fasiculus Gracilus
Fasiculus Cunneatus

Dorsal SpinoCerebellar Tract
Ventral SpinoCerebellar Tract

SpinoThalamic Tract

RubroSpinal Tract

Nucleus Gracilus

NG

Nucleus Cunneatus

NC

Medial Lemniscus

Lateral Cuneate Nucleus Solitary Tract & Nucleus

Hypoglossal Nucleus

12

12

Pyramidal Tract

Dorsal Motor 
Nucleus of Vagus

10

Medial Longitudinal Fasciculus
TectoSpinal Tract

Reticulospinal & 
Vestibulospinal

Tracts
Principle Olive

Spinal Trigeminal Tract
Spinal Trigeminal Nucleus



Medulla – Vagal Nuclei (Slide 33)

Loyola University Stritch School of Medicine

Dorsal SpinoCerebellar Tract
Ventral SpinoCerebellar Tract
SpinoThalamic Tract

RubroSpinal Tract

Medial Lemnisc

Lateral Cuneate Nucleus

Pyramidal Tract

Medial Longitudinal Fasc
TectoSpinal Tra

Reticulospinal & 
Vestibulospinal

Tracts

Spinal Trigeminal Tract
Spinal Trigeminal Nucleus

Principle Olive

Dorsal Motor 
Nucleus of 

Vagus
10

Nucleus Ambigu

Inferior 
Cerebellar 
Peduncle

Hypoglossal Nuc

12

Solitary Tract & Nuc

Medial Vestibular Nucl
Inferior Vestibular Nuc
Lateral Vestibular Nucl



Medulla – Glossopharyngeal Nerve (Slide 31)

Loyola University Stritch School of Medicine

Dorsal SpinoCerebellar Tract
Ventral SpinoCerebellar Tract

SpinoThalamic Tract

RubroSpinal Tr

Medial Lemnisc

Pyramidal Tract

MLF
TectoSpinal Tra

Spinal 
Trigeminal 
Tract

Spinal Trigeminal 
Nucleus

Principle Olive

Inferior 
Cerebellar 
Peduncle

Inferior 
Vestibular 
Nucleus

Medial 
Vestibular 
Nucleus Dorsal 

Cochlear 
Nucleus

Ventral 
Cochlear 
Nucleus

Facial Motor Nucl

Solitary 
Tract & 
Nucleus

Nucleus Ambiguus
Inferior Salivatory Nucleus

9



Medulla – Pontomedullary Junction (Slide 30)

Loyola University Stritch School of Medicine

Medial 
Lemniscu
s

Pyramidal Tract

MLF
TectoSpin
al Tract

Principle Olive

Inferior 
Cerebellar 
PeduncleDorsal 
Cochlear 
Nucleus

Dentate

nucleu
s

Fastigial
nucleus

Globose
nucleus

Embolifo
rm
nucleus

Cerebell
ar Cortex



Loyola University Stritch School of Medicine

Pons – Genu of Facial Nerve (Slide 27)

Dorsal 
SpinoCereb
ellar Tract

SpinoThalamic Tract

Medial Lemnisc

Pyramidal Tract

MLF
TectoSpinal Tra

Spinal 
Trigeminal 

TractSpinal 
Trigeminal 

Nucleus

Pontine Gray

Abducens Nucleus

6

Facial 
Motor 

Nucleus

7

Facial colliculus

Trapezoid 
Body & 
Nucleus

(from cochlear nuclei)

Lateral Lemniscus
(from superior olivary nucleus)

Middle 
Cerebellar 
Peduncleuperior Olivary Nucleus

(from cochlear nuclei)

Mesenceph
alic Tract & 

Nucleus



Loyola University Stritch School of Medicine

Pons – Trigeminal Nerve (Slide 25)

SpinoThalamic
TractMedial Lemniscus

Pyramidal Tract

MLF
TectoSpinal Tract

Lateral Lemniscus
(from superior olivary nucleus)

Middle 
Cerebellar 
Peduncle

Ventral SpinoCerebella

Pontine Gray

Trigeminal 
Motor 

Nucleus

5

Superior 
Cerebellar 
Peduncle

Principal 
(Chief) 

Sensory 
Nucleus

Mesenceph
alic Tract & 

Nucleus



Loyola University Stritch School of Medicine

Pons – Trochlear Nerve Fibers (Slide 23)

SpinoThalamic
TractMedial Lemnisc

Pyramidal Tract

MLF

TectoSpinal Tract

Lateral Lemniscus
(from superior olivary nucleus)

Middle 
Cerebellar 
Peduncle

Superior 
Cerebellar 
Peduncle

Mesencephalic 
Tract

Periaqueductal 
Gray

Locus 
Ceruleus

Pontine Gray

4th Ventricle (Aqueduct of 
Sylvius)

Raphe Nuclei

Trochlear 
Nerve Fibers 
(crossing)



Loyola University Stritch School of Medicine

Caudal Midbrain – Inferior Colliculus (Slide 20)

SpinoThalamic
TractMedial Lemnisc

Corticospinal Tract

MLF

Lateral Lemniscus
(Auditory Information)

Superior 
Cerebellar 
Peduncle 

Decussation

Periaqueductal 
Gray

Aqueduct of Sylvius

Crus 
Cerebri

Substantia 
Nigra

Inferior 
Colliculus

Trochlear 
Nucleus



Loyola University Stritch School of Medicine

Midbrain – Superior Colliculus (Slide 18)

SpinoThalamic
TractMedial Lemnisc

Corticospinal Tract

MLF

Superior 
Cerebellar 
Peduncle

Periaqueductal 
Gray

Aqueduct of Sylvius

Crus 
Cerebri

Substantia 
Nigra

Superior 
ColliculusEdinger-
Westphal 
Nucleus (III)

Oculomotor 
Nucleus

3
Cerebral Peduncle

(      Interpeduncular fossa)**



Loyola University Stritch School of Medicine

Rostral Midbrain – Superior Colliculus (Slide 16)

SpinoThalamic
Tract
Medial Lemniscu

Corticospinal Tract

MLF

Periaqueductal 
Gray

Aqueduct of Sylvius

Crus 
Cerebri

Substantia 
Nigra

Superior 
Colliculus

Cerebral Peduncle
(      Interpeduncular fossa)*

*

Oculomotor 
Nucleus

3

CerebelloThalamic Fibers
(remnants of SCP)

Red Nucleus



Link to Utah quizzes

Utah Med CNS Quizzes

https://library.med.utah.edu/kw/hyperbrain/quiz/index.html


Can’t even get a seat on my own couch.

Thanks, guys.
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