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Chapter 1
Anatomy and Clinical Correlation of Nervous System

1 Cranial nerves

The cranial nerves (CNs) are composed of twelve pairs of nerves that emanate from
the nervous tissue of the brain. In order to reach their targets they must ultimately exit/
enter the cranium through openings in the skull. Hence, their names are derived from
their association with the cranium. Only the first and the second pair emerge from the
cerebrum, the remaining 10 pairs emerge from the brainstem.

The cranial nerves are divided into different types because of their different func-
tions.CNs [lI, IV, VI, XI and X[ are motor nerves. CNs I, II and V| are sensory
nerves, CNs V, W, IX and X are mixed nerves. CNs [[[, I, IX and X are also
accompanied with the fibers of parasympathetic nerve.

The corticobulbar tract innervates cranial motor nuclei bilaterally with the excep-
tion of the lower facial nuclei which are innervated only contralaterally (below the eyes)

and CN XI, which is innervated contralaterally as well.

The olfactory nerve (CN1)
[Anatomy]

The olfactory nerve is the first cranial nerve. It consists of unmyelinated axons of
bipolar neurons that are located in the nasal mucosa and the olfactory epithelium. It en-
ters the skull through the cribriform plate of the ethmoid bone.

[Clinical correlation)

Lesions of the olfactory pathway often result from trauma(e. g. skull fracture) and
olfactory groove meningiomas, These lesions cause ipsilateral anosmia (localizing val-

ue). Lesions that involve the parahippocampal uncus may cause olfactory hallucinations.

The optic nerve (CN 1)

[Anatomy]

The optic nerve is usually associated with the charge of vision and pupillary reaction
to light. Ganglion cells of the retina form the optic nerve. They project from the nasal
hemiretina to the contralateral lateral geniculate body and from the temporal hemiretina
to the ipsilateral lateral geniculate body. The optic nerve projects from the lamina cri-
brosa of the scleral canal, through the optic canal, to the optic chiasm. The optic chiasm

contains decussating fibers from the two nasal hemiretinas and noncrossing fibers from
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the two temporal hemiretinas. Then it projects fibers to the suprachiasmatic nucleus of
the hypothalamus. The optic tract contains fibers from the ipsilateral temporal hemireti-
na and the contralateral nasal hemiretina. It projects to the ipsilateral lateral geniculate
body, pretectal nuclei, and superior colliculus. The geniculocalcarine tract (visual radia-
tion) projects through two divisions to the visual cortex. The upper division projects
through to the upper bank of the calcarine sulcus, the cuneus. The lower division loops
from the lateral geniculate body anteriorly (Meyer’s loop), then posteriorly, to termi-
nate in the lower bank of the calcarine sulcus, the lingual gyrus, The visual cortex is lo-

cated on the banks of the calcarine fissure (Figure 1-1).

Occipital lobe

Figure 1 -1 Common visual field defects and their anatomical bases
1. Total blindness of the left eye from a complete lesion of the left optic nerve. 2. Bitemporal hemi-
anopia caused by pressure exerted on the optic chiasm by a pituitary tumor. 3. Left nasal hemianopia
caused by a perichiasmal lesion (e. g. calcified internal carotid artery). 4. Right homonymous hemi-
anopia from a lesion of the left optic tract. 5. Right homonymous hemianopia (with macular sparing)
resulting from posterior cerebral artery occlusion. 6. Right homonymous inferior quadrantanopia
caused by partial involvement of the optic radiation by a lesion in the left parietal lobe, 7. Right ho-
monymous superior quadrantanopia caused by partial involvement of the optic radiation by a lesion in

the left temporal lobe (Meyer's loop).

[Clinical correlation)

1. Transection of optic nerve Ipsilateral blindness, with no direct papillary light
reflex,

2. Lesions of optic chiasm Midsagittal transection (often from a pituitary tumor)
causes bitemporal hemianopia. Bilateral lateral compression causes binasal hemianopia
(calcified internal carotid arteries).

3. Lesions of optic tract Transection causes contralateral hemianopia.

4. Lesions of geniculocalcarine tract (visual radiation) Transection of upper divi-
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sion causes a contralateral lower quadrantanopia. Transection of lower division causes a
contralateral upper quadrantanopia,

5. Lesions of visual cortex Lesions cause contralateral hemianopia with macular
sparing,

6. Papilledema It is a noninflammatory congestion of the optic disk as a result of
increased intracranial pressure. It is most commonly caused by brain tumors, subdural
hematoma, or hydrocephalus. It usually does not alter visual acuity, but it may cause
bilateral enlarged blind spots.

The oculomotor nerve, the trochlear nerve, and the abducent nerve

(CNII,CNIN,andCN V[ )

[Anatomy]

1. The oculomotor nerve It moves the eyes, constricts the pupils, takes charge of
the accommodation reflex and the convergence reflex. It exits the brain stem from the
interpeduncular fossa of the midbrain, passes through the cavernous sinus, and enters
the orbit through the superior orbital fissure. It innervates four extraocular muscles and
the palpebralis. The medial rectus muscle adducts the eye. The superior rectus muscle
elevates, intorts, and adducts the eye. The inferior rectus muscle depresses, extorts,
and abducts the eye. The inferior oblique muscle elevates, extorts, and abducts the eye.
The palpebralis elevates the upper eyelid.

2. The trochlear nerve It is a pure motor nerve that innervates the superior oblique
muscle. This muscle depresses, intorts, and abducts the eye. It arises from the contra-
lateral trochlear nucleus of the caudal midbrain, decussates beneath the superior medul-
lary velum of the midbrain and exits the brain stem on its dorsal surface, caudal to the
inferior colliculus. At last, this nerve encircles the midbrain within the subarachnoid
space, passes through the cavernous sinus, and enters the orbit through the superior or-
bital fissure.

3. The abducent nerve It innervates the lateral rectus muscle, which abducts the
eye. This nerve arises from the abducent nucleus that is found in the dorsomedial teg-
mentum of the caudal pons., Nerve root descends with the corticospinal tract. It passes
through the pontine cistern and cavernous sinus and enters the orbit through the superi-
or orbital fissure.

[Clinical correlation]

1. Peripheral ophthalmoplegia

(1>Oculomotor paralysis is seen in the transtentorial herniation (e, £. tumor, sub-
dural or epidural hematoma). Lesions result in the following neurologic deficits; ptosis
(denervation of the palpebralis), eye to look "down and out” (denervation of the ex-
traocular muscles) , diplopia when the patient looks in the direction of the paretic muscle
(oculomotor palsy). Interruption of parasympathetic innervation results in a dilated,
fixed pupil and paralysis of accommodation.
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(2) The trochlear nerve paralysis results in the following conditions: extorsion of the
eye and weakness of downward gaze, vertical diplopia, head tilting to compensate for
extorsion. Head injury and tumors in the anterior medullary velum can result it.

(3) The abducent nerve paralysis is the most common isolated palsy that results
from the long peripheral course of the nerve. It is seen in patients with meningitis, sub-
arachnoid hemorrhage, late-stage syphilis and trauma. Abducent nerve paralysis results
in the following defects: convergent strabismus and horizontal diplopia.

2. Internuclear ophthalmoplegia(Figure 1 - 2) There is damage to the medial lon-
gitudinal fasciculus (MLF) between the abducent and oculomotor nuclei. It causes medi-
al rectus palsy on attempted lateral conjugate gaze and monocular horizontal nystagmus,
while the adduction with convergence preserves. This syndrome is most commonly seen

in multiple sclerosis.

Left frontal eye field
Medial rectus - Lateral rectus

Oculomotor nerve

Oculomotor nucle:

Medial longitudinal fasciculus Abducens nerve

(MLF)
Paramedian pontine

reticular formation:
(PPRF)

Abducens nucleus

Figure 1 -2 Internuclear ophthalmoplegia

3. One-and-a-half syndrome It consists of lesions in the bilateral MLF and the uni-
lateral abducent nucleus. On attempted lateral conjugate gaze, the only muscle that pre-
serving functions is the intact lateral rectus.

4. Argyll Robertson pupil It is the absence of a miotic reaction to light, both di-
rect and consensual, with the preservation of a miotic reaction to near stimulus (accom-
modation-convergence). It occurs in syphilis and diabetes.

5. Horner’s syndrome This syndrome is caused by transection of the oculosympa-
thetic pathway at any level. It consists of miosis, ptosis, apparent enophthalmos, and
anhidrosis.

6. Herniation of the cerebellar incisura tentori (or temporal lobe hernia) When su-
pratentorial mass lesions produce herniation of the medial portion of the temporal lobe
(the uncus) across the cerebellar tentorium, thus exerting direct pressure on the rostral

brainstem, signs of oculomotor nerve compression such as ipsilateral pupillary dilation,



Chapter 1  Anatomy and Clinical Correlation of Nervous System « 9 e

impaired adduction of the eye and loss of reactivity to light.

7. Diabetes mellitus It often affects the oculomotor nerve, damages the central fi-
bers but spares the pupilloconstrictor fibers,

The trigeminal nerve (CN V)

[Anatomy)

The trigeminal nerve has three divisions (Figure 1 - 3): ophthalmic, maxillary, and
mandibular, The ophthalmic nerve lies in the wall of the cavernous sinus. It enters the
orbit through the superior orbital fissure and innervates the forehead, dorsum of the
nose, upper eyelid, orbit (cornea and conjunctiva), and cranial dura. The ophthalmic
nerve mediates the afferent limb of the corneal reflex. The maxillary nerve lies in the
wall of the cavernous sinus and innervates the upper lip and cheek, lower eyelid, anteri-
or portion of the temple, oral mucosa of the upper mouth, nose, pharynx, gums, teeth
and palate of the upper jaw, and cranial dura. It exits the skull through the foramen ro-
tundum. The mandibular nerve exits the skull through the foramen ovale, Its sensory
component innervates the lower lip and chin, posterior portion of the temple, external
auditory meatus, and tympanic membrane; external ear, teeth of the lower jaw, oral
mucosa of the cheeks and floor of the mouth, anterior two-thirds of the tongue, tem-
poromandibular joint, and cranial dura. The motor component of the trigeminal nerve
accompanies the mandibular nerve through the foramen ovale. It innervates the muscles
of mastication, mylohyoid, anterior belly of the digastric, and tensors tympani and veli

palatine. It innervates the muscles that move the jaw, the lateral and medial pterygoids.

Corticonuclear tract

Motor nucleus of
trigeminal nerve

Chief sensory nucl
of trigeminal nerve

Figure 1~3 Anatomical bases of the trigeminal nerve

[Clinical correlation]

Lesions result in the following neurologic deficits.

(1) Loss of general sensation (hemianesthesia) from the face and mucous membranes of
the oral and nasal cavities.

(2)Loss of the corneal reflex,

(3)Paralysis of the muscles of mastication.



.6 . W2 R TS S

(4)Deviation of the jaw to the weak side.

(5)Paralysis of the tensor tympani muscle, which leads to hypoacusis.

(6)Trigeminal neuralgia, which is characterized by recurrent paroxysms of sharp,
stabbing pain in one or more branches of the nerve. It usually occurs in people older
than 50 years of age, and it is more common for women than for men. Carbamazepine is

the drug of choice for idiopathic trigeminal neuralgia.

The Facial Nerve (CN Vi)
[Anatomy}

The facial nerve (Figure 1 -4) is a general somatic afferent (GSA), general visceral
afferent (GVA), special visceral afferent (SVA), general visceral efferent (GVE), and
special visceral efferent (SVE) nerve. It mediates facial movements, taste, salivation,
lacrimation, and general sensation from the external ear. The facial nerve exits the brain
stem in the cerebellopontine angle, It enters the internal auditory meatus and the facial
canal. It then exits the facial canal and skull through the stylomastoid foramen. The
GSA component has cell bodies located in the geniculate ganglion and innervates the
posterior surface of the external ear through the posterior auricular branch of the facial
nerve. The SVA component projects centrally to the spinal trigeminal tract and nucleus
and it also innervates the taste buds from the anterior two-thirds of the tongue. The
GVE component is a parasympathetic component that innervates the lacrimal, subman-
dibular, and sublingual glands. The SVE component arises from the facial nucleus,
loops around the abducent nucleus of the caudal pons, and exits the brain stem in the

cerebellopontine angle.

Abducens nucleus

. I
ey . ! i
Submsmidibuiar Sublingual a.ﬁ;ylomastmd foramen

ganglion g gland |
Lingual gangli¢ A

Figure 1-4 The functional components of the facial nerve

[Clinical correlation)

Lesions cause the following conditions.

(1)Flaccid paralysis of the muscles of facial expression.

(2)Loss of the corneal reflex, which may lead to corneal ulceration.

(3)Loss of taste from the anterior two-thirds of the tongue, which may result from
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damage to the chorda tympani.

(4) Hyperacusis.

(5)Bell’s palsy(peripheral facial paralysis), which is caused by trauma or infection.
Peripheral facial paralysis shows that the wrinkles on the forehead in the affected side
disappear, the ipsilateral eye can’t shut voluntarily, the ipsilateral nasolabial fold be-
comes smooth (when a smile is attempted the angle'of the mouth is drawn up on the un-
affected side) and the protruded tongue deviates to affected side because of the action of
the genioglossus in the unaffected side.

(6)Supranuclear (central) facial palsy, which results in contralateral weakness of
the lower face, with sparing of the upper face. Supranuclear facial palsy shows that the
nasolabial fold in the unaffected side becomes smooth but the bilateral wrinkles on the
forehead exist. When a smile is attempted the angle of the mouth is drawn up on the af-
fected side, the protruded tongue deviates to unaffected side but without atrophy of two
sides of the tongue.

(7)Bilateral facial nerve palsies, which occur in the Guillain-Barré syndrome.

The vestibulocochlear nerve (CN V)

The vestibulocochlear nerve has two functional divisions:; the vestibular nerve,
which maintains stability and balance, and the cochlear nerve, which mediates hearing.
It exits the brain stem at the cerebellopontine angle and enters the internal auditory mea-
tus. It is confined to the temporal bone.

The vestibular nerve

[Anatomy}

Its first-order sensory bipolar neurons are located in the vestibular ganglion in the
fundus of the internal auditory meatus. The nerve projects its peripheral processes to
the hair cells of the cristae of the semicircular ducts, the utricle and the saccule. It also
projects its central processes to the four vestibular nuclei of the brain stem and the floc-
culonodular lobe of the cerebellum,

[Clinical correlation)

Lesions result in disequilibrium, vertigo, and nystagmus.

The cochlear nerve

[Anatomy]

The cochlear nerve’s first-order sensory bipolar neurons are located in the spiral
(cochlear) ganglion of the modiolus of the cochlea, within the temporal bone. The co-
chlear nerve projects its peripheral processes to the hair cells of the organ of Corti and
projects its central processes to the dorsal and ventral cochlear nuclei of the brain stem.

[Clinical correlation])

Destructive lesions cause hearing loss (sensorineural deafness). Irritative lesions
can cause tinnitus, An acoustic neuroma (schwannoma) is a Schwann cell tumor of the
cochlear nerve that causes deafness.



