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Neuroanatomy: Cranial Nerves 1-4 

Introduction 
• There are 12 pairs of cranial nerves which originate directly from the brain. The olfactory and optic nerves 

originate from the cerebrum and the remaining 10 cranial nerves arise from the brainstem.  

• For each cranial nerve, it is important you can appreciate its origin, fibre type, function and anatomical course. 

 

CNI – Olfactory Nerve 

CNII – Optic Nerve 

• Origin: olfactory nerves originate from axons of olfactory 

receptors in nasal epithelium.    

• Entry foramina: olfactory nerves enter the cranium via the 

cribriform plate (ethmoid bone).   

• Nerve fibre type: special visceral afferent (sensory) 

• Function: Smell 

• Clinical Test: ask patient about recent changes in 

smell/anosmia.    

Olfactory epithelium 
contain olfactory 
receptors which 

detect smell.

Axons assemble to 
form olfactory nerves

(1o neurones) & 
penetrate cribriform 

plate.

Olfactory nerves 
synapse on mitral 
relay neruones at 

olfactory glomeruli
(olfactory bulb).

These axons 
assemble to form 
olfactory tracts

Olfactory tracts 
divide into 

olfactory striae at 
the inferior surface 
of the frontal lobe.

Lateral striae project to 
primary olfactory 

cortex and medial striae 
travel to contralateral 

olfactory bulb.

• Origin: retinal ganglion cells. 

• Entry foramina: optic nerves enter 

the cranium via the optic canal plate 

(sphenoid bone).   

• Nerve fibre type: special somatic 

afferent (sensory) 

• Function: Vision 

• Clinical Test: visual fields, Snellen 

chart, pupillary light reflex (afferent 

limb).    

Retinal 
ganglion 

cell axons 

Optic 
nerve 

Optic 
canal 

Optic 
chiasm 

L & R optic 
tracts 

Primary 
visual 
cortex 

Light from temporal retina form temporal 
optic fibres & light from nasal retain form 
nasal optic fibres.  

Temporal optic fibres do not cross at 
chiasm and stay ipsilateral 

Nasal optic fibres cross at 
optic chiasm and continue 
on contralateral side. 
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• Fracture of the pterion due to trauma can cause 

arterial rupture of the middle meningeal artery 

(85%). 

• Blood leads into extradural space  intracranial 

pressure (ICP) increases. 

• Patients present with initial loss of consciousness 

followed by a lucid interval and rapid deterioration. 

• ↑↑↑ ICP  brain herniation  compress CNIII  

down & out appearance and fixed & dilated pupils.  

CNIII – Oculomotor Nerve 
• Origin: anterior midbrain (between cerebral peduncles) 

1. Oculomotor nucleus  

2. Edinger-Westphal nucleus 

• Exit foramina: oculomotor nerves exit the cranium via the 

superior orbital fissure (sphenoid bone).   

• Nerve fibre type: (motor) 

1. General somatic efferent (skeletal muscle) 

2. General visceral efferent 

• Function: 

- Somatic motor - 4 extrinsic eye muscles & levator 

palpebrae superioris 

- Visceral motor - Pupillary sphincter and ciliary muscle 

• Clinical Test: pupillary light reflex & H test    

Oculomotor 
nucleus 

(midbrain) 

Lateral wall of 
cavernous 

sinus 

Superior 
orbital fissure 

Superior branch 

Inferior branch 

• Superior rectus 
• Levator palpebrae superioris 
• Sympathetic fibres 

 
• Inferior rectus 
• Medial rectus 
• Inferior oblique 

CNIV – Trochlear Nerve 

• Origin: posterior midbrain inferior to colliculi 

• Exit foramina: superior orbital fissure (sphenoid 

bone).   

• Nerve fibre type: general somatic efferent (motor) 

• Function: superior oblique muscle (depression, 

adduction, medial rotation). 

• Clinical Test: H test (with CNIII & CNVI). 

Trochlear 
nucleus 

(midbrain) 

Pass around 
periaqueduct of 
gray – decussate 

in midline 

Lateral wall 
of cavernous 

sinus 

Superior 
orbital 
fissure 

Superior 
oblique 
muscle  

Superior 

rectus 

Superior 

oblique 

Medial 

rectus 

Inferior 

rectus 

Inferior 

oblique 

Lateral 

rectus 

LR6  -  SO4  –  R3 

Case Vignette • Ix – CT head: hyperdense 

biconvex lesion with skull 

fracture. 

 
• Mx – burr hole 

surgery to drain 

blood and 

relieve ICP. 

Right eye 
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Test Yourself! 
Question 1: Label the extraocular muscles of the eye and 

state each muscle’s nerve supply & function. 

 

 

 

 

 

Question 2: Describe the anatomical course of the optic nerve from 

the retinal ganglion cells to the primary visual cortex? 

Question 3: How would you test the function of the oculomotor nerve in clinical practice? 

Question 4: Describe the clinical presentation of a patient with trochlear nerve palsy. 

Question 5: Explain the course of the middle meningeal artery as it crosses the pterion, why is this anatomical 

location susceptible to fractures? 

Question 6: Describe the course of the parasympathetic motor fibres of the oculomotor nerve originating from the 

Edinger-Westphal nucleus. 

Question 7: True/False – Medial striae of olfactory tracts carry axons to the primary olfactory cortex located in the 

uncus of the temporal lobe. 

Question 8: True/False – The left optic tract is formed from fibres of the left nasal retina and the right temporal retina. 

 

 

 

Answers: 1. See page 3 images for labels. Nerve supply = LR6, SO4, R3. Function: superior rectus = elevation, adduction & medial rotation, medial rectus = 

adduction, inferior rectus = depression, adduction & lateral rotation, lateral rectus = abduction. Superior oblique = depression, abduction & medial 

rotation, inferior oblique = elevation, abduction & medial rotation.  2. See flowchart on page 2 describing the optic nerve pathway. 3. The oculomotor 

nerve can be tested using the H test. This involves holding a finger in front of a patient’s eye and asking them to focus on it while keeping their head still. 

You then move your finger in a H pattern and observe any restrictions in eye movement and ask the patient if they experience any double vision or pain. 

The pupillary light reflex can also test the function of parasympathetic motor fibres of CNIII. 4. Patients with trochlear nerve palsy will have paralysis of 

the superior oblique muscle and therefore, inability to depress and abduct the eye. This results in unopposed action of inferior oblique muscle which will 

elevate and adduct the eye causing an ‘up and in’ appearance of the eyeball. Patients can also present with vertical diplopia and a head tilt away from the 

affected side. 5. The middle meningeal artery passes through the foramen spinosum where it divides into an anterior and posterior division. The anterior 

division passes underneath the pterion. This marks the fusion of parietal, frontal, sphenoid and temporal bones and is the weakest part of the skull. 

Fractures to this region can injure this artery causing an extradural haematoma. 6. Parasympathetic motor fibres emerge from the Edinger Westphal 

nucleus and travel with inferior branch of CNIII where pre-ganglionic parasympathetic fibres synapse at the ciliary ganglion. This generates short ciliary 

nerves which supplies the pupillary sphincter and ciliary muscle. 7. False, lateral striae of olfactory tracts carry axons to the primary olfactory cortex 

whereas medial striae carry axons to the olfactory bulb on the opposite side. Olfactory nerve fibres also pass to the amygdala, hypothalamus and other 

regions of the limbic system which is involved in the memory of emotional/behavioural senses. 8. False, the left optic tract is formed fibres of the left 

TEMPORAL retina and the right NASAL retina. Temporal optic fibres stay ipsilateral and do not cross whilst nasal optic fibres unite and cross at the optic 

chiasm.  
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