
II./2.3. Examination of cranial nerves

II.2.3.1. Examination of the sense of smell (Olfactory nerve [1st
cranial nerve])

Anatomy:

The perception of smell involves the olfactory epithelium, the olfactory bulb, the
olfactory tract, cortical olfactory centers, and their connections. The axons (olfactory
filaments) of bipolar cells, located in the olfactory epithelium in the upper nasal concha,
enter the skull through the cribriform plate of the ethmoid bone, and end in the olfactory
bulb. The fibers leaving the olfactory bulb form the olfactory tract. A large fraction of
the medial fibers of this tract decussate in the anterior white commissure and end in the
primary frontal olfactory cortex (subcallosal gyrus and lower part of the cingulate
cortex).

Examination:

Only cooperative patients can be examined. With one nostril blocked, a vial containing
pepper, menthol, coffee or vanilla is placed below the other nostril. The patient should
be able to recognize the odour. The recognition of one sample indicates preserved sense
of smell.

Description of normal findings:

What are the
most common
causes of
anosmia?

The patient recognizes odours and reports of no abnormal olfactory experience.

Abnormal findings:

Common causes of bilateral anosmia: rhinitis, smoking, tearing of olfactory filaments
due to trauma to the anterior scala, Alzheimer’s disease, meningeoma in the olfactory
groove. Consistent unilateral anosmia is caused by damage to the olfactory bulb and the
olfactory tract. Parosmia refers to the phenomenon when the odor reported by the
patient is different from the stimulus. Olfactory hallucinations may occur in epileptic
seizures.

II./2.3.2. Examination of vision (Optic nerve [2nd cranial nerve])

Anatomy:

The visual pathway originates from the ganglion cells of the retina, and enters the skull
as the optic nerve through the optic nerve canal. Fibers originating from the nasal half of
the retina decussate in the optic chiasma, whereas fibers originating from the temporal
half of the retina (corresponding to the nasal visual field due to the inversion of the
image done by the lens) run uncrossed in the optic tract and end in the lateral geniculate
body (CGL). The optic radiation is formed by the cells of CGL, which runs for a short
distance in the posterior knee of the internal capsule, then passes round the temporal
horn of the lateral ventricle (Meyer’s loop), and eventually reaches the primary visual
cortex (Brodmann [Br]17). The right retina halves project onto the right side, the left
retina halves onto the left side, the upper halves onto the upper lip of the calcarine
fissure, and the lower halves onto the lower lips. Almost half of the visual cortex
receives fibers from the fovea, in the region close to the occipital pole.

Examination:

Integrity of the optic nerves is assessed by the examination of visual acuity, optic
fundus, visual fields, pupils, and pupillary reflexes. The optic nerves contain the afferent
pathway of the pupillary reflexes.

Visual acuity

Precise examination of visual acuity is done using the Snellen-charts. For exploratory



examination, the method of ʽcounting fingers’ is used: the patient covers one eye and
counts the fingers shown by the examiner from 6, 2 and 1 m away (the patient is asked:
“how many fingers do you see?”). Before the examination of visual acuity, a visual field
defect should be excluded. In case of decreased visual acuity, the distance of finger
counting is given in meters. If visual acuity is even worse, hand motion vision (the
patient is able to perceive the moving hand of the examiner) may remain, or in more
severe damage only light is perceived (the patient is able to differentiate covering-
uncovering of the eye or switching on and off the penlight).

Abnormal findings:

Amblyopia means ʽlazy eye’, amaurosis means loss of vision (even light perception) due
to peripheral causes, and cortical blindness occurs when the primary visual cortex is
damaged. Visual acuity may deteriorate in numerous ophthalmological conditions,
including the disorders of the refractory media of the eye (e.g. cataract), vascular
diseases of the retina (diabetes, hypertension), opalescence of the vitreous body, etc.

Optic fundus

The optic nerve head (optic disc, papilla) and its surrounding area is examined with the
help of an ophthalmoscope. The optic nerve head is affected in inflammatory conditions
of the optic nerve, in neuroallergic diseases, and in conditions associated with increased
intracranial pressure.

Abnormal findings:

Retrobulbar neuritis is a form of optic neuritis that involves the optic nerve
behind the eye and/or the optic tract. It is most often seen as part of multiple
sclerosis. The optic nerve head is usually normal during the acute phase, but
later may become pale (decoloration of the optic nerve head). Visual acuity
deteriorates rather suddenly, usually on one eye.

Optic neuritis and neuropathy includes all conditions causing inflammation or
other damage of the optic nerve. The optic nerve head becomes pale, and visual
acuity gradually worsens. Causes include diabetes, alcoholism, proteinuria,
hereditary conditions, etc.

Papilloedema (optic disc swelling) is the result of persistent increased
intracranial pressure, caused by the increase of pressure of the cerebrospinal
fluid in the subarachnoidal space surrounding the optic nerve, and by the
increased resistance against venous drainage of the eye. The papilla first
becomes hyperemic, then blurring of optic margins is seen, hemorrhages over
and adjacent to the papilla may develop. In case of papilloedema, visual acuity
remains intact over a long period of time, however if papilloedema is
prolonged, it may lead to atrophy of the optic nerve and blindness. Hemorrhages
in the optic fundus may be seen without optic disc swelling in subarachnoidal
hemorrhage, hypertension, and leukemia. Papilloedema with hemorrhages is
common in thrombosis of the central retinal vein and in thrombosis of cerebral
sinuses.

Atrophy of the optic nerve: the optic nerve head becomes pale, almost white due
to the loss of nerve fibers. Primary causes include multiple sclerosis, tabes,
glaucoma and hereditary disorders, or it may develop secondary to papillitis or
prolonged elevation of intracranial pressure. Visual acuity deteriorates, and the
patient may become blind.

Papillitis refers to the inflammation of the optic nerve head. It is characterized
by marked loss of visual acuity and a central scotoma. The optic disc swells and
becomes hyperemic. Exudates and hemorrhages are seen over the optic nerve
head, and an opalescent fibrin meshwork is formed around retinal blood vessels.



How is
papillitis
differentiated
from
papilloedema?

Embolia of the central retinal artery causes sudden transient visual loss
(amaurosis fugax). Sources of emboli include the surface of atheromatous
plaques in the internal or common carotid arteries, auricular fibrillation, and
valvular diseases of the heart.

Hypertensive fundus changes include stiff, ʽcopper-wire’ arteries, crossing
phenomena (compression of venules by the arteries), angioneogenesis, and
patchy hemorrhages.

Papillitis differs from papilloedema in that papillitis causes severe visual loss, whereas
papilloedema cauase no visual loss over a long period of time.

Visual field

An imaginary vertical line drawn across the pupil divides the visual field into a nasal and
a temporal half, and a horizontal line into an upper and a lower half. The quadrants
formed by these two lines are called upper and lower temporal, and upper and lower
nasal visual field quadrants.

Examination:

a.) One-eye examination of the visual field: one eye of the patient in supine or
sitting position is covered by one hand of the examiner and the other hand is
brought in from the outer imaginary borders of the visual field of the patient,
first in the horizontal, then in the vertical plane. The patient is asked “to look at
the middle of my forehead, refrain from moving the eyes, and tell me when you
notice my moving fingers”. Another way is that the patient counts the fingers
that approach the border of the visual field. If the patient is able to use both
hands, he/she should cover his/her eye. Hemianopia can be detected with
certainty in patients who can cooperate; quadrant anopias are better detected by
perimetry.

Visual field
defect

b.) Two-eye examination of the visual field: The examiner faces the patient
about 60-80 cm away, and the patient is asked to look at the middle of the
examiner’s forehead. The examiner then extends both of his/her arms in the
horizontal plane and begins moving both hands from the border of the temporal
visual fields inwards and towards himself/herself, from behind the imaginary
plane of the visual field. The patient is asked “to grasp my moving fingers when
you notice them”. If both temporal visual fields are normal and the patient has
intact motor function, he/she will reach out simultaneously with both hands
towards the hands of the examiner. If a bilateral temporal visual field defect is
present, the patient raises his/her hands only when the hands of the examiner
reach the vertical line bisecting the visual field. With this two-eye examination,
visual neglect (inability to direct attention to one side of the visual field) may be
also detected. If this is the case, the patient reaches only toward the side
ipsilateral to the lesion and ignores the other (usually left) side, even though
he/she noticed the moving hand on that side as well when examined with the
one-eye examination method.

Abnormal findings:

The type of visual field defect depends on the location of the lesion.

a.) Homonymous hemianopia (loss of half of the visual field on the same side of
both eyes) occurs when the optic tract, the lateral geniculate body, the optic
radiation or the whole occipital lobe is damaged (go to the video).

b.) Bitemporal heteronymous hemianopia (loss of the temporal field of both
eyes) occurs when the optic chiasma is damaged in the midline. Its most common
cause is tumor of the pituitary gland.

c.) Unilateral chiasma syndrome occurs when the chiasma lesion affects the



ipsilateral uncrossed temporal and bilateral nasal crossed fibers.Only the nasal
field of the eye contralateral to the lesion is preserved, the other eye is blind.

d.) Upper quadrant homonymous anopia is seen in lesions of the lower part of
the optic radiation or of the loop of Meyer (“pie in the sky”).

e.) Lower quadrant homonymous anopia is mainly caused by parieto-occipital
(cuneus) infarcts.

f.) Scotomas refer to patchy visual field defects within the field of vision, which
are mostly caused by retinal or optic nerve diseases. A central scotoma is
characteristic of retrobulbar neuritis.

Description of normal findings:

Visual acuity is normal on both sides. The optic nerve head is of normal colour with
sharp margins. Visual fields are normal with confrontal methods.

II./2.3.3. Eye movements

The examination of eye movements includes assessment of the gaze (spontaneous eye
movements, and eye movements upon verbal commands and when following an object),
and function of the 3rd, 4th and 6th cranial nerves (external and internal ocular muscles).
Extraocular muscles are responsible for moving the eye bulb, intraocular muscles are
responsible for pupillary reflexes (direct and indirect light reflex, accommodation and
convergence responses).

Anatomy:

Supranuclear nervous system structures controlling the gaze:

Voluntary horizontal gaze is controlled by Br8aß, the premotor area. Descending fibers
decussate at the level of midbrain-pons junction and end in the paramedial reticular
formation of the pons. Second order neurons synapse with the abducens nuclei, from
where the fibers run upward in the midline (this is called medial longitudinal fascicle,
MLF), and synapse with cells of the contralateral nucleus of the oculomotor nerve.

Voluntary vertical gaze: fibers from the dorsolateral prefrontal cortex descend in the
anterior part of the internal capsule to the medial rostral interstitial nucleus of the MLF
(riMLF), located in the mesencephalon.

Following eye movements are controlled by the occipital lobe.

Innervation of extraocular muscles (cranial nerves responsible for eye movements)

Oculomotor nerve (3rd cranial nerve): Its complex nucleus is located in the
mesencephalon, at the level of the superior colliculus, below the Sylvian aqueduct. With
the exception of the lateral rectus and superior oblique muscle, it innervates all
extraocular muscles and the levator palpabrea muscle. Its parasympathetic fibers
originate from the nucleus of Edinger–Westphal. The Perlia nucleus lies between the
Edinger–Westphal nuclei and controls convergence of the eyes.The interstitial nucleus
of Cajal is the neural integrator of vertical gaze.

Pupillary
reactions

Trochlear nerve (4th cranial nerve): Its nuclei are located ventrally below the Sylvian
aqueduct. Fibers leaving the nuclei run upwards and pass around the aqueduct, decussate
within the superior medullary velum and exit dorsally from the tectum. Due to this
crossing, the superior oblique muscles receive their innervation from the contralateral
nucleus. The nerve innervates the superior oblique muscle.

Abducens nerve (6th cranial nerve): A pure motor nerve with its nucles located in the
pons, at the bottom of the 4th ventricle. Fibers from the facial nucleus pass medially and
form a loop around the abducens nucleus. The nerve exits from the pons, crosses over
the branches of the basilar artery, runs exposed over the petrosal part of the temporal
bone, makes a sharp turn around its apex, then enters the cavernous sinus where it is



located laterally to the internal carotid artery. It innervates the lateral rectus muscle.

Innervation of intraocular muscles (anatomical basis of pupillary reflexes)

Light reflex: The afferent fibers of the parasympathetic reflex responsible for
constriction of the pupil originate in the retina, run in the optic nerve and tract, but leave
before reaching the lateral geniculate body. Some of the fibers decussate in the posterior
commissure, and synapse with the Edinger–Westphal nuclei on both sides. The
parasympathetic preganglionic fibers leave these nuclei together with the oculomotor
nerve and enter the orbita, where they synapse in the ciliary ganglion. The
postganglionic short branches innervate the iris sphinchter muscle, the longer branches
innervate the ciliary muscle, which controls the thickness of the lens.

The pathway responsible for the sympathetic innervation of the pupil (dilation)
originates from the lateral hypothalamus, and runs through the brainstem towards the
ciliospinal center located in the thoracic spinal cord, at Th1-3 level. Second order
neurons ascend in the paravertebral sympathetic chain, and synapse in the superior
cervical ganglion. From here, third order neurons enter the orbita accompanying the
branches of the internal carotid artery. They innervate the dilator pupillae, the superior
tarsal muscle, the orbital muscle of Müller, and the sweat glands, and blood vessels of
the face. The sympathetic innervation of the eye may become injured 1) in the
hypothalamus and brainstem; 2) in the spinal cord; 3) within the chest (paravertebral
sympathetic ganglia); 4) on the neck (sympathetic fibers that run together with the
internal carotid artery), and 5) in the orbita. Excitation of the sympathetic system causes
dilation, its lesion causes Horner-triad (see below).

Examination

Examination of eye movements (gaze and extraocular muscles)

Spontaneous, following and verbal command movements are assessed. The size of the
palpebral fissures, the position and conjugate movements of the eyes, their range of
movement are observed, and nystagmus is checked for. Diplopia may occur in a given
direction of gaze, or independent from the direction of gaze. The type and direction of
diplopia indicates weakness of individual muscles, or lesion of nuclei and nerves
responsible for eye movements.

a.) Voluntary eye movements upon verbal commands: The patient is asked to
change fixation from one hand of the examiner to the other, from right to left,
and up and down. With this examination, fixation occurs only at the end of the
movement (saccade).

b.) Following eye movements: The patient is asked to follow the slowly moving
finger of the examiner, located about 60 cm away from the patient, in the
horizontal and vertical direction. With this examination, fixation is continuous.

c.) Spontaneous, searching eye movements: By observing these eye
movements, the eye movements of a non-cooperative patient may be assessed.
There is no fixation in this case. If the patient is able to cooperate, he/she is
asked to look to the right and left, and up and down.

Examination of intraocular muscles (pupils and pupillary reflexes)

Size of pupils. The pupils may be completely dilated, moderately dilated, moderately
constricted, constricted, and pin point. Anisocoria means one pupil is larger than the
other. The shape of pupils may be oval, irregular, or a postoperative coloboma may be
seen.

a.) Direct pupillary light reflex: The examiner covers one eye and illuminates
the other eye approaching laterally. Constriction of the illuminated pupil is seen.

b.) Indirect (consensual) pupillary light reflex: It is done in a similar way, but
reaction of the other pupil is observed.

c.) Accommodation reflex: The patient is asked to look up on the ceiling, then
quickly on the examiner’s finger or object held more than 60 cm away from the



patient. When the image of the object is sharpened, a small degree of pupillary
constriction is seen.

d.) Convergence reaction: The patient is asked to fixate the examiner’s finger
held 80 cm away from the patient. The examiner then slowly moves his/her
finger towards the patient to elicit convergence, which is accompanied by the
constriction of the pupils.

Description of normal findings:

Bell’s
phenomenon

Gaze is unrestricted in all directions. Eye movements are conjugate. The patient reports
no diplopia. No nystagmus. Pupils have a regular shape, are moderately dilated, round,
central, and equal. Direct and indirect light reflexes are normal. Convergence and
accommodation reactions are normal.

Abnormal eye movements

Abnormal eye movement in neurological disorders may occur as a consequence of 1)
weakness of extraocular muscles (see the 3rd, 4th and 6th cranial nerve), and 2) of gaze
palsy.

Gaze palsy means that the horizontal or vertical conjugate movement of the two eyes is
affected. This may be caused by lesion of the cortical eye movement centers,
supranuclear fibers, pontine and midbrain gaze centers, and the medial longitudinal
fascicle (MLF). Lesion of the MLF may lead to the so called Hertwig-Magendie position
of the eyes and to internuclear ophthalmoplegia (INO).

Fig. 3: “skew deviation” Fig. 4: internuclear ophthalmoplegia

Vertical gaze palsy is differentiated from weakness of the superior rectus muscles
innervated by the oculomotor nerves by the presence of Bell’s phenomenon: unelicitable
in the latter, but preserved when the vertical gaze center is affected. Bell’s phenomenon
is examined by keeping the patient’s eye open with the examiner’s fingers, and the
patient is asked to close the eyes. If the peripheral innervation of the eyes is intact, the
eye bulbs move up and outwards when an attempt to close the eyes is made.

Lesion of cortical eye movement centers and of the descending fibers causes
contralateral horizontal gaze palsy. Lesion of the pontine gaze center causes ipsilateral
horizontal gaze palsy. For further details, refer to the recommended sources.

Symptoms of oculomotor nerve lesion

The nerve exits the brainstem between the superior cerebellar artery and the posterior
cerebral artery; therefore an aneurysm on these vessels may lead to oculomotor nerve
lesion. The external (partial=without the involvement of parasympathetic pupillary
function) oculomotor nerve lesion seen in diabetic patients is caused by ischemia. On the
affected side, ptosis is present, and the eye is deviated laterally and downward because
the intact abducens and trochlear nerves pull the eye in this position. The patient
complains of diplopia. If the parasympathetic fibers are also affected, the pupil is dilated,
the direct pupillary light reflex and the accommodation reaction are lost. This is a
complete oculomotor nerve lesion (Fig. 5).



Fig. 5

The consensual light reflex can be elicited from the abnormal, wide pupil, but no
consensual light reflex is seen on the abnormal side when the intact eye is illuminated.

Ptosis may be unilateral or bilateral. Unilateral ptosis is caused by oculomotor nerve
lesion. Causes of bilateral ptosis include 1) congenital ptosis; 2) chronic progressive
ophthalmoplegia; 3) myasthenia gravis; 4) central lesion of the oculomotor nucleus.

In case of circulatory insufficiency of the brainstem, the axons of the oculomotor nerve
may be damaged before exiting, at the base of the midbrain. If the ischemia affects the
corticospinal pathway or the red nucleus, then contralateral hemiparesis or contralateral
intentional tremor also develops in addition to the ipsilateral oculomotor nerve lesion
(Weber’s and Benedict’s syndromes) (go to the video).

Inflammation or cellular infiltration on the basal part of the brain (bacterial meningitis,
syphilis, tuberculosis, meningeal carcinomatosis) may also damage the nerve.

Herniation of the temporal lobe due to space occupying lesions causes dislocation of
the cerebral peduncle, which damages the nerve as well (see below).

Symptoms of trochlear nerve lesion

When the trochlear nerve (4th cranial nerve) is damaged, the affected eye’s movement is
restricted downward and outward. To counteract diplopia, the patient tilts and turns the
head to the normal side, and the chin is pointed downward. Isolated damage of the nerve
may occur in brain contusion and multiple sclerosis; it may be damaged together with
other cranial nerves in case of an aneurysm rupture of the posterior cerebral and superior
cerebellar arteries, and in disorders of the cavernous sinus.

Symptoms of abducens nerve lesion

In unilateral damage of the abducens nerve (6th cranial nerve), abduction of the eye is
lost and the eye cannot move laterally from the midline in the horizontal plane (go to the
video). Bilateral abducens nerve lesion causes convergent strabismus because the eyes
are pulled inward by the medial rectus muscles. Diplopia is always present.

Causes of abducens nerve lesion:

aneurysms at the junction of the pons and medulla oblongata

ischemia in diabetes mellitus

Miller Fisher syndrome

neuroborreliosis

fractures of skull base

thrombosis or thrombophlebitis of the cavernous sinus

botulismus

Its nucleus may be damaged in paramedian pons infarcts occurring in basilar artery



stenosis, and is usually accompanied by the damage of facial nerve fibers and the motor
pathways.

In increased intracranial pressure, the abducens nerve may be damaged on both sides,
and also cerebellar tumors invading the 4th ventricle may compress the abducens
nucleus.

Superior orbital fissure syndrome results from disorders of the outer wall of the
cavernous sinus (aneurysm, sinus thrombosis, tumor or benign granulomatosis). The
ocular nerves, the ophthalmic nerve, and sometimes the maxillary nerve are damaged.
Pain is felt in the eye.

Disorders of the pupillary light reflex

Amaurotic pupil: Due to the lesion of the optic nerve, the direct and consensual
light reflex cannot be elicited from the affected side, but the consensual reaction
of the blind eye can be elicited from the normal side.

Fixed pupil: It is caused by the lesion of efferent parasympathetic fibers of the
pupil. Direct and consensual light reflexes cannot be elicited from the affected
side, but the consensual reaction of the other eye is preserved.

Syndromes related to disorders of pupillary reactions

a.) Anisocoria: pupils of unequal size. The side of the larger pupil is recorded
(e.g. anisocoria=R>L). A fixed and dilated pupil indicates oculomotor nerve
lesion. It may be caused by the transtentorial herniation of the uncus gyri
hippocampi due to hemispherical space occupying lesions, compressing the
oculomotor nerve.

b.) Horner-triad: disorder of the sympathetic innervation of the eye. Its
symptoms include ptosis (weakness of the superior and inferior tarsal muscles),
myosis (weakness of the dilator pupillae muscle), and enophthalmus (weakness
of Müller’s orbital muscle). These symptoms may be accompanied by unilateral
anhydrosis, disorder of vasoregulation of the upper extremity, and loss of
piloerection.

II./2.3.4. Trigeminal nerve (5th cranial nerve)

Anatomy:

The trigeminal nerve is a mixed nerve, which exits the pons at the level of the brachium
pontis with a sensory and a motor root. The sensory part of the nerve conveys both
superficial (temperature, pain, light touch) and proprioceptive sensory modalities.

V/1. Ophthalmic nerve: innervates the forehead (frontal nerve), the eye (mainly the
nasociliary nerve), the nose, the meninges, and the paranasal sinuses.

V/2. Maxillary nerve: innervates the maxilla, the teeth, the upper lip, the cheeks, the
hard palate, the maxillary sinus, and the mucous membrane of the nose.

V/3. Mandibular nerve: innervates the chin, teeth, mucous membrane of the cheeks, the
anterior two-thirds of the tongue, the outer ear, the auditory canal, the temporo-
mandibular joint, and the meninges. The lingual nerve runs in the upper part of the
lateral sulcus of the tongue. The edge of the mandibula is innervated by the sensory
fibers of the 2nd and 3rd cervical roots, the rest of the face by the trigeminal nerve. The
masticatory nerve is a branch of the mandibular nerve, which supplies the masticatory
muscles.

The sensory fibers of the trigeminal nerve enter the brainstem at the dorsomedial part of
the pons, and end in the nucleus tractus spinalis nervi trigemini. The fibers responsible
for pain, temperature and light touch form the tractus spinalis nervi trigemini, which
extends downward to the upper cervical segments. Fibers ascending from this nucleus
synapse in the ventral posteromedial and the intralaminar nuclei of the thalamus, and



then ascend to the sensory cortex. Another group of sensory fibers (proprioceptive
fibers) end in the main sensory nucleus of the trigeminal nerve, located in the lateral part
of the pons. Fibers then decussate in the pons, and continue as the trigeminal lemniscus
towards the sensory nucleus of the thalamus, and from there to the sensory cortex.

Due to the organization of fibers running in the caudal part of the tractus spinalis nervi
trigemini, the face has a sensory innervation resembling an onion-bulb. Lesion of the
oral part of the spinal nucleus causes circular, perioral hypaesthesia, whereas a lesion of
the distal part leads to hypaesthesia in the peripheral parts of the face.

The motor nucleus of the trigeminal nerve receives bilateral supranuclear fibers,
therefore a unilateral lesion doesn’t lead to weakness of the masticatory muscles. The
motor fibers leave the skull through the foramen ovale and innervate the masticatory
muscles, the mylohyoid muscle, the anterior belly of the digastric muscle, the tensor veli
palatini muscle, and the tensor tympani muscle. The pathway of the masseter reflex
involves the motor nucleus of the trigeminal nerve.

Examination:

a.) Sensation of pain is examined in the territory of all three trigeminal
branches, comparing the two sides, using a sterile needle or a disposable, sharp
wooden stick. The needle is slightly pressed on the skin of the forehead, cheeks
and chin of the patient who has the eyes closed. A cooperative patient will say
whether there is a difference in the sensation of pain between the two sides, or
between the individual branches. When trigeminal neuralgia is suspected, the
examiner presses the points where the ophthalmic, the maxillary and the mental
nerves exit the skull. The patient indicates if this is sensitive.

b.) Sensation of touch is examined by a piece of cotton, temperature sensation
is examined by test tubes filled with cold and warm water. Two-point
discrimination and graphaesthesia (recognition of numbers drawn on the skin)
may also be examined on the skin.

c.) Motor function is examined by palpating the bulk and tone of the
masticatory muscles. The examiner places both hands on the masseter and the
superficial temporal muscles, and the patient is asked the clench the teeth. Any
difference in tone is observed by the examiner. The power of pterygoid muscles
is examined by asking the patient to resist the pressure exerted in lateral
direction by the examiner on one side of the chin.

What are the
characteristics
of neuralgia?

d.) The corneal reflex is a superficial reflex involving multiple neurons. Its
afferent part is the first division of the trigeminal nerve, the efferent part is the
branch of the facial nerve innervating the orbicularis oculi muscle. The patient
is asked to look to one side with the eyes, then the examiner lightly touches the
cornea with a cotton thread, which evokes blinking. If the facial nerve is intact,
a sluggish or absent corneal reflex indicates reduced sensation of the cornea or
brainstem dysfunction.

e.) The masseter reflex is the tendon reflex of the trigeminal nerve. The patient
is asked to open the mouth slightly, then the examiner hits with a reflex hammer
his/her finger placed on the chin of the patient. The response is a quick closure
of the mouth. The masseter reflex is increased in suprabulbar and prefrontal
lesions, and is often absent in healthy individuals.

Description of normal findings:

The bulk and power of masticatory muscles are normal. The chin is in the midline when
the patient opens the mouth. Pain, touch and temperature sensation is normal in the
territory of all three trigeminal nerve branches, including recognition of numbers drawn



on the skin. Nerve exit points are not sensitive. Normal corneal reflex on both sides.

Abnormal findings:

Trigeminal neuralgia. Neuralgia is defined as a sudden and short lasting,
strong, stabbing pain corresponding to the territory of a nerve. In case of
trigeminal neuralgia, the neuralgia occurs in the territory of one of the branches
of the trigeminal nerve.

Gradenigo sign. Purulent conditions of the inner ear may spread in the temporal
bone and cause damage to the nerves found within the cavernous sinus (pain
and loss of sensation on the face, diplopia, and pain in the eye). Tumors are also
possible causes (cholesteatoma, chordoma, neurinoma).

Gasser’s ganglion syndrome: In conditions causing damage to the bone of the
skull base, the Gasser’s ganglion may be damaged, leading to loss of sensation
in the face.

II./2.3.5. Facial nerve (7th cranial nerve)

Anatomy

The facial nerve is a mixed nerve. It consists of a motor branch, and of the intermediate
nerve that contains the fibers responsible for general sensation, special (gustatory)
sensation, and the autonomic fibers. Both nerves leave the brainstem adjacent to the
vestibular nerve, between the inferior cerebellar peduncle and the olive.

a.) Sensory fibers (posterior auricular nerve) innervate the outer opening of the
auditory canal and the ear drum.

b.) Fibers responsible for gustatory sensation innervate the anterior two thirds
of the tongue. From the lingual nerve they reach the geniculate ganglion via the
chorda tympani. The cortical center of gustatory sensation is the opercular
cortex (insula) and the amygdaloid nucleus.

c.) Autonomic fibers. Preganglionic neurons are located in the pons, in the
superior salivary nucleus, and its axons form the greater petrosal nerve. They
synapse in the pterygopalatine ganglion, and innervate the lacrimal gland, the
mucous membrane of the nose and salivary glands of the palate. Other
preganglionic axons run in the chorda tympani, and reach the submandibular
ganglion via the lingual nerve, innervating the submandibular and sublingual
salivary glands.

d.) The motor part of the facial nerve innervates the facial muscles of expression
(orbicularis oris and oculi, buccinator and platysma muscles), the stylohyoid
muscle, the posterior belly of the digastric muscle, and the stapedius muscle.
The nucleus of the facial nerve is located in the pontine tegmentum. Muscles of
the lower part of the face receive only contralateral, whereas muscles around the
eye and forehead receive bilateral supranuclear innervation. The nerve leaves
the pons at its lower border, enters the internal acoustic meatus and then the
facial canal, where the branch innervating the stapedius muscle leaves the main
trunk. The remaining motor fibers leave the skull through the stylomastoid
foramen, running to the appropriate muscles.

The motor nucleus of the facial nerve is a relay nucleus of the following polysynaptic
reflexes:

a.) Corneal reflex

b.) Oculopalpebral reflex: Evoked by the sudden appearance of an object or
light in the visual field. The pathway of this reflex starts with the optic nerve



fibers, which synapse in the superior colliculus and then reach the facial
nucleus.

c.) Stapedius reflex: strong acoustic stimuli evoke contraction of the stapedius
muscle. The afferent part of the reflex is the cochlear – dorsal cochlear nucleus,
from where the efferent neuron runs to the facial nucleus.

Examination

a.) Motor function: Symmetry of the face is observed. The size of palpebral
fissures, wrinkles on the forehead, nasolabial folds, level of the corners of the
mouth are compared, facial movements during speaking is observed. The patient
is then asked to wrinkle the forehead, show the teeth or smile, do as if to
whistle, and to blow up the cheeks. The resistance of blown up cheeks is felt by
the examiner. Furthermore, the patient is asked to close the eyes, first gently and
then forcefully, and the examiner attempts to open the eyes with two fingers
while the patient is resisting.

b.) Sense of taste is examined using the basic tastes on the anterior two thirds
(facial nerve) and the posterior one third (glossopharyngeal nerve) of the
tongue. A sheet with the words “sweet, salty, bitter, sour” is held in front of the
patient. A drop of the solution is placed on the tongue, and the patient points to
the appropriate word before withdrawing the tongue. The patient should rinse
his/her mouth between the testing of different tastes.

c.) Lacrimal secretion is examined by pieces of blotting paper placed in the
corner of the eye.

Description of normal findings:

The face is symmetric during rest. Wrinkling of the forehead, closure of the eyes and
showing of teeth are normal and symmetric. Basic tastes are recognized on the anterior
two thirds of the tongue. Corneal reflex is normal and symmetric.

Determination of the level of facial nerve lesion

How is
peripheral and
central facial
lesion
differentiated?

a.) All muscles of facial expression are paralyzed if the nerve is damaged after
leaving the skull through the stylomastoid foramen. On the affected side, the
corner of the mouth is drooping and doesn’t move when the patient is asked to
show the teeth and in other facial movements, the intact muscles pull the
paralyzed muscles to the normal side, the patient is unable to keep liquids in
his/her mouth, unable to blow up the cheeks on the affected side, wrinkles on
the forehead are flattened, the eye is open (lagophthalmus), the sclera remains
visible when the patient is asked to close the eye. Lacrimal secretion, sense of
taste and saliva secretion are normal, and nor is hyperacusis present.

b.) A lesion between the stapedius nerve and the chorda tympani causes, in
addition to the paralysis of the face, loss of taste sensation on the anterior two
thirds of the tongue, saliva secreted from the sublingual and submandibular
glands becomes thick, and hypoesthesia may be present in the territory of the
posterior auricular nerve.

c.) In case of a lesion below the level of the geniculate ganglion, hyperacusis is
also present, in addition to the symptoms described above, because the stapedius
reflex is lost.

d.) If the nerve is damaged before the greater petrosal nerve leaves the main
trunk, lacrimal secretion is also decreased or lost, in addition to the symptoms
described above.

Syndromes associated with facial nerve lesion

Bell’s paresis (idiopathic peripheral facial paresis): A common condition of the
facial nerve leading to the paralysis of all facial muscles on one side (Fig. 6). As



a consequence of cold exposure and/or a neuroallergic reaction evoked by viral
infection, the nerve becomes swollen and compressed within then facial canal,
leading to facial paralysis.

Fig. 6

The motor nucleus of the facial nerve may be affected together with the
abducens nucleus within the brainstem.

Supranuclear (central) paresis of facial muscles develops when cortical
motoneurons are damaged. Due to the bilateral supranuclear innervation of the
forehead and periorbital muscles, only the muscles around the mouth (lower part
of the face) are paralyzed.

Hemifacial spasm: irregular twitching of facial muscles, due to abnormal
excitation of the facial nerve or nucleus.

Facial diplegia: bilateral facial paralysis

Ramsay–Hunt neuralgia: lesion of the geniculate ganglion caused by herpes
zoster oticus. Its symptoms include skin eruptions in the external auditory canal,
peripheral facial palsy, tinnitus, hyperacusis, loss of sense of taste, decreased
lacrimal and saliva secretion.

II./2.3.6.Vestibulocochlear nerve (8th cranial nerve)

Cochlear part

Anatomy

The primary sensory neurons of hearing are found in the spiral ganglion within the axis
of the cochlea (organ of Corti). The peripheral axons of these bipolar cells attach to the
hair cells, the central axons make up the cochlear nerve, which enters the brain at the
pontomedullary junction and ends in the cochlear nucleus. A small portion of second
order neurons runs to the ipsilateral or contralateral superior olive, and the trapezoid
body. Third order neurons run in the lateral lemniscus and end in the inferior colliculus.
After relaying in the medial geniculate body, the auditory pathway ends in the auditory
cortex (Br41, 42).

Examination of hearing

Disorders of the middle ear cause conductive hearing loss, whereas disorders of the
inner ear, lesion of the organ of Corti and the cochlear nerve lead to neural hearing loss.
Lesion of the cochlear nerve may also result in ringing of the ear (tinnitus). Unilateral
lesions in the brainstem and lesion of the primary auditory cortex (Br41) do not lead to
hearing loss.

The precise measurement of hearing is done by audiometry. A crude evaluation of
hearing is possible by assessing whether the patient hears whispered speech. The patient
stands or sits with closed eyes, and covers one of his/her ears. The examiner is 1-2 m
behind the patient, and whispers different words with different loudness. The patient has



to repeat these words.

Tuning fork tests (Weber-, Rinne- and Schwabach) are suitable to differentiate between
conductive and neural hearing loss.

Vestibular part

Anatomy

Basic functions of the vestibular system:

1.) perception of linear and angular acceleration, which adjusts the eyes via a
reflex relative to the movement of the head in space and helps fixation and
spatial orientation.

2.) control of postural muscle tone of skeletal muscles, and adjustment of the
head in case of elevation and depression in the sagittal plane

Structures of the vestibular system are located within the inner ear. The semicircular
canals are filled with endolymph. Angular acceleration is perceived by the hair cells
(crista) forming the cupula, located in the ampullas (swellings) of the semicircular
canals. Linear acceleration related to gravity is perceived by the hair cells found in the
horizontally oriented utriculus and the vertically oriented sacculus. Otolith crystals
cover the surface of these hair cells.

The vestibular nuclei are found in the lateral part of the pons: superior vestibular nucleus
(Bechterew), lateral vestibular nucleus (Deiters), medial vestibular nucleus (Schwalbe),
inferior vestibular nucleus (Roller).

Connections of the vestibular system:

Caloric
stimulation

1.) The lateral vestibulospinal tract originates from the Deiters nucleus, the
medial vestibulospinal tract originates from the Schwalbe nucleus, and both
play a role in the regulation of postural muscle tone.

2.) Vestibulocerebellar and cerebellovestibular tracts

3. Vestibular control of eye movements: the vestibular organs are responsible
for the appropriate adjustment of the eyes when the head moves.

4.) The cortical center of vestibular function is in the posterior central gyrus, in
the arm region.

Examination of vestibular function

Examination of nystagmus: the eyes are first observed in resting position, then during
following eye movements in all four directions, in both sitting and supine positions. The
direction, frequency, amplitude, and nature (rhythmic or non-rhythmic) of nystagmus,
and the influence of gaze, change of head and body position is described. Nystagmus
may be examined with rotational and caloric stimulation. With rotation, both labyrinths
are stimulated, whereas with caloric stimulation the two labyrinths can be examined
separately.

In peripheral
nystagmus,
how is the
direction of
nystagmus
determined?

With rotation, the endolymph in the lateral (horizontal) semicircular canals flows in the
direction opposite to the direction of rotation. The slow component of the nystagmus is
opposite to the direction of rotation, therefore it is in the same direction as the flow of
endolymph; the quick component beats in the direction of rotation. When rotation is
stopped, the direction of post-rotational nystagmus is inverted, thus the quick component
now beats opposite to the direction of rotation. The direction of deviation and
past-pointing is the same as that of the slow component.

With caloric stimulation, warm water is injected into the ear, which causes an
ampullopetal flow of the endolymph in the lateral semicircular canal and a nystagmus
beating in the direction of the stimulus. With cold stimulation, the direction of
nystagmus is towards the opposite side. Caloric stimulation is suitable for determining
whether the nystagmus is caused by a lesion to the vestibular organ. Caloric stimulation



on the side of lesion produces no nystagmus, and causes no change in any on-going
nystagmus.

The Romberg’s test is used to differentiate peripheral and central vertigo.

Description of normal findings

Whispered words are well heard on both sides. Weber test is normal. Rinné test is
positive on both sides. No nystagmus. No swaying in Romberg’s test. No past-pointing in
Bárány’s test. No deviation when walking with eyes closed.

Nystagmus

Peripheral
vestibular
syndrome

Nystagmus is an involuntary, rhythmic eye movement with a slow and a quick
component, occurring in the presence of dysfunction of the vestibular, cerebellar and the
eye movement control system. Based on the relation of the quick component and the
direction of gaze, nystagmus of peripheral vestibular origin may be of 1st degree if the
nystagmus appears only when looking in the direction of the quick component, 2nd
degree if it appears already when looking straight ahead (go to the video), and 3rd
degree if the nystagmus is present in any direction of the gaze. The direction of the
quick component of the nystagmus may be horizontal, vertical (go to the video), oblique
or rotatory. Nystagmus of peripheral vestibular origin is rhythmic. The slow component
results from the activity of the intact side, the quick component is a compensatory
restoring saccade produced by the brainstem. Undulating nystagmus is irregular, no slow
and quick components can be differentiated.

Physiological nystagmus types

a.) Induced nystagmus of labyrinthine origin: physiological nystagmus
resulting from the stimulation of the semicircular canals. It can be elicited by
rotation, and by cold/warm and galvanic stimulation of the peripheral vestibular
system. In the lateral semicircular canal, ampullopetal flow of the endolymph
(towards the ampulla) induces nystagmus beating in the opposite direction,
whereas ampullofugal flow (from the ampulla) induces nystagmus beating in the
same direction.

b.) Optokinetic nystagmus (ʽtrain nystagmus’): It can be examined by a rotating
drum or using a computer program. Rotation of vertical stripes in front of the
patient’s eyes elicits horizontal nystagmus, whereas rotation of horizontal stripes
elicits vertical nystagmus; the slow component beats in the direction of the
rotation of the drum, the quick, restoring component beats in the opposite
direction. Optokinetic nystagmus is present when the retina, the occipital lobe
(Br18), and the occipitofrontal associative tracts are intact.

Abnormal nystagmus types

Vestibular (peripheral) nystagmus is caused by dysfunction of the labyrinth,
traumatic, toxic or inflammatory damage of the vestibular nerve, damage to the
Scarpae ganglion, and Menière’s syndrome. The damage of the labyrinth on one
side always results in the disinhibition of the other, normal side. Normally, with
the aim of holding the point of fixation stable when the head is turned, the
vestibuloocular reflex originating from one peripheral vestibular organ drives
the eyes contralaterally. When both vestibular systems function normally, these
movements of opposing direction cancel out. However, in case of a unilateral
loss of labyrinthine function, the intact labyrinth is unopposed and moves the
eyes contralaterally (towards the side of the lesion), which is the slow
component of the nystagmus. The restoring quick component thus beats towards
the intact side; its direction is independent from the direction of gaze, but its
intensity may be of 1st, 2nd and 3rd degree. By convention, the direction of
nystagmus is named according to the direction of the quick component.
Peripheral nystagmus is always accompanied by vertigo and nausea (see below).



Central nystagmus resulting from the dysfunction of vestibular nuclei, gaze
centers in the brainstem and the cerebellum can be of many types. The most
commonly occurring central nystagmus is the gaze-evoked nystagmus, which
means the nystagmus appears only when the patient is looking to the right or
left, or up or down. The quick component beats in the direction of gaze, thus it
changes with the direction of the gaze (contrary to peripheral nystagmus). This
type of nystagmus occurs because of the inability of the nervous system to hold
the gaze in one direction. The patient is able to perform a quick saccade in the
desired direction (quick component of the nystagmus), however because of the
dysfunction of brainstem gaze holding mechanisms the eyes slowly drift back
towards the midline (slow component of the nystagmus). This gaze holding
mechanism is very sensitive to toxic or other noxa, thus gaze-evoked nystagmus
may appear for example even at the administration of therapeutic doses of
certain drugs acting in the central nervous system.

Lesion of the medial longitudinal fascicle (MLF): Unilateral lesion of the MLF
causes internuclear ophthalmoplegia (INO), due to the disruption of the
connection between the pontine horizontal gaze center on one side and the
oculomotor nucleus of the other eye. When the patient attempts to look to one
side, the eye contralateral to the direction of gaze remains in the midline and is
not adducted, and there is a monocular nystagmus on the abducting eye, beating
towards the direction of gaze (probably because of an increased effort) (Fig. 4).
It is most often caused by multiple sclerosis.

Undulating nystagmus (ʽpendulum nystagmus’) is seen when the stabilizing
effect of vision on eye movements is decreased or lost, such as in blind persons
or in persons working in low light conditions.

Fig. 4

Vertigo

Vertigo is dizziness with rotational character and a specific direction. It is accompanied
by loss of balance, nystagmus, leaning to one side, and autonomic symptoms (sweating,
vomiting). Vertigo is caused by the dysfunction of the vestibular system, including
lesion to the peripheral vestibular organ, brainstem vestibular nuclei, and their
connections.

Peripheral vestibular symptoms: Vertigo, autonomic symptoms, nystagmus beating to
the intact side, but leaning, deviation when walking, past-pointing in Bárány’s test to the
side of lesion (in the direction of the slow component of the nystagmus). It is caused by
the unilateral lesion of the peripheral vestibular system, as a result of an imbalance
between the two sides . In case of bilateral peripheral vestibular lesion, the above
symptoms are not seen (i.e. there is no asymmetry), but oscillopsia develops (inability to
fixate the eyes when moving, due to the loss of the stabilizing effect of the
vestibuloocular reflex).



Central vestibular symptoms: These are caused by the lesion of the vestibular nuclei and
their connections within the brainstem and with the cerebellum. Leaning and deviation
are towards the side of the lesion, and nystagmus also beats towards the side of the
lesion. In cerebellar lesions, autonomic symptoms and vertigo are less intense (Table 1).
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Caption:Table 1

Benign paroxysmal positional vertigo (BPPV)

This condition is the most common cause of vertigo. It is caused by otolith crystals
detached from the utriculus, which enter the posterior semicircular canal and stimulate
the hair cells in the cupula (cupulolithiasis). Symptoms are evoked by the sudden
changes of the position of the head (such as in Hallpike maneuver): intense vertigo,
nausea-vomiting appears after a few seconds and lasts usually for less than a minute.
With repeated stimulation, symptoms tend to habituate.

Vestibular neuritis

Unilateral acute lesion of the afferentation of the vestibular organ. It is usually preceded
by viral infections. Peripheral vestibular symptoms are seen. Caloric reaction is lost on
the affected side.

Ménière’s disease

Ménière’s disease is caused by the increased pressure of the endolymph within the
membranous labyrinth, due to a disorder of endolymph resorption. The endolymph
breaks into the perilymphatic space, and the high potassium concentration of this fluid
causes dysfunction of the vestibular and cochlear nerve fibers. The disease is
characterized by attacks of intense vertigo, vomiting (peripheral vestibular symptoms)
accompanied by unilateral transient hearing loss and tinnitus. Attacks usually last a few
hours, however both the duration and intensity of symptoms are very variable. The
combination of vestibular and cochlear symptoms is also variable. Cases with only
vestibular or only cochlear symptoms also occur.

II./2.3.7. Glossopharyngeal nerve (9th cranial nerve) and vagal nerve
(10th cranial nerve)

The innervation territory and function of the glossopharyngeal and vagal nerve overlap
to a great degree. The nerves run together within the skull, and leave the skull through
the jugular foramen. Motor fibers that originate from the nucleus ambiguus and
innervate the muscles of the pharynx are found in both nerves. Sensory fibers from the
pharynx run in the vagal nerve to the nucleus tractus solitarii.

Anatomy

The glossopharyngeal nerve is a mixed nerve, which leaves the medulla oblongata in
the sulcus paraolivaris lateralis. It exits the skull through the jugular foramen together
with the vagal and accessory nerves. The two ganglia of the glossopharyngeal nerve
(superior and inferior ganglia) contains pseudounipolar ganglion cells responsible for
general sensation, special sense and visceral sensation.

a.) After exiting the skull, the nerve runs between the internal carotid artery and
the internal jugular vein. Its motor fibers innervate the stylopharyngeal muscle
and the styloglossal muscle. The motor nucleus is called nucleus ambiguus.



b.) The glossopharyngeal nerve innervates the parotid gland with
parasympathetic secretory fibers. The neurons are in the inferior salivatory
nucleus. The preganglionic fibers end in the inferior ganglion. The tympanic
nerve takes its origin from this ganglion, which via the tympanic cavity returns
to the skull as lesser petrosal nerve and ends in the otic ganglion. Postganglionic
fibers reach the parotid gland via the auriculotemporal nerve (a branch of the
mandibular nerve).

c.) The visceral sensory fibers innervate the baro- and chemoreceptors of the
carotid sinus and carotid bodies, and end in the nucleus tractus solitarius. This
nucleus plays a role in the regulation of respiration, blood pressure and cardiac
function, through its connections with the reticular formation and the
hypothalamus.

d.) General sensory fibers of the glossopharyngeal nerve innervate a part of the
external ear, the interior surface of the ear drum, the posterior third of the tongue
and the upper part of the pharynx.

e.) It innervates the posterior third of the tongue with taste fibers.

The vagal nerve is a mixed nerve, which exits the medulla with several roots. It leaves
the skull through the jugular foramen. Its sensory ganglia, the superior and inferior
ganglia, are shared by the glossopharyngeal nerve. On the neck, the nerve is located
between the internal carotid artery and the internal jugular vein. Below this level, the
right sided vagal nerve is found behind the internal jugular vein and anterior to the
subclavian artery while running towards the chest, and gives a branch called the
recurrent laryngeal nerve at the level of subclavian artery. The nerve on the left side
runs between the internal carotid artery and the subclavian artery, and the recurrent
nerve leaves the main trunk at the level of the aortic arch. Within the chest, the vagal
nerves are found behind the origin of the lungs, forming the pulmonary and the
esophageal plexus.

a.) The motor fibers originating from the nucleus ambiguus run together with
the glossopharyngeal and accessory fibers. They innervate the constrictor
muscles of the pharynx, the elevators of the soft palate, the internal muscles of
the larynx (superior laryngeal nerve, recurrent laryngeal nerve), and the striated
muscles of the esophagus.

b.) The parasympathetic autonomic neurons are found in the dorsal vagal
nucleus. Fibers exiting the brainstem run to the major arteries, the lungs and the
heart in the chest, and to the stomach and the intestines in the abdominal cavity.
The vagal nerve reduces the heart rate and secretion of the adrenal glands,
stimulates peristaltic movements of the stomach and the intestines, and the
secretion of the stomach, liver and pancreas.

c.) Fibers conveying visceral sensation originate from the abdominal and
thoracic organs, the root of the tongue and the larynx, synapse in the solitary
nucleus, and end in the hypothalamus of both sides.

d.) The vagal nerve provides general sensory fibers for the pharynx, the larynx,
the skin of the external auditory canal, a part of the outer surface of the ear
drum, and the meninges of the posterior scala. The central axons synapse in the
nucleus tractus spinalis nervi trigemini, and end in the sensory cortex via the
thalamus.

Examination of the glossopharyngeal and vagal nerves

Taste sensation on the posterior third of the tongue and pharyngeal reflexes are
examined. The touch of the pharyngeal wall evokes retching, accompanied by the
elevation of the soft palate. This gag reflex is lost when there is sensory loss on the
upper part of the pharynx. Upon phonation (“say aaaaa”), the stylopharyngeal muscles
of the posterior pharyngeal wall contract. The position of the uvula and the height of
palatal arches, and the movement of the soft palate when the gag reflex is elicited are



observed. The position and movement of the vocal chords are examined by a
laryngoscope. Sensation of the pharynx and the larynx is assessed based on the gag and
soft palate reflexes when touching the pharyngeal wall. Carotid sinus massage elicits
bradycardia or a drop of blood pressure. This is called carotid sinus reflex.

Description of normal findings:

The palatal arches are symmetric, the uvula is central. Palatal arches elevate upon
phonation. Brisk gag and palatal reflexes. Taste sensation is preserved on the posterior
third of the tongue. Normal phonation and articulation. No dysphagia.

The glossopharyngeal nerve is usually damaged together with the vagal and accessory
nerves on base of the skull. Most common causes include fracture of the base of the
skull, thrombosis of the sigmoid sinus, tumors of the posterior scala, meningitis, bulbar
palsy, and syringobulbia. Its brainstem nuclei may be damaged by vascular lesions and
tumors.

Symptoms of vagal nerve damage

The intracranial part of the vagal nerve may be damaged by tumors, hemorrhage,
brainstem ischemia, multiple sclerosis, syringobulbia, and meningitis. On its peripheral
part, neuritis, tumors, enlarged lymph nodes, and an aortic aneurysm may cause damage.

Aphony, and respiratory difficulty due to the paralysis of the vocal chords
(recurrent laryngeal nerve) (go to the video)

Dysphagia, regurgitation of fluids through the nose, pharyngeal and laryngeal
spasm

The paralyzed soft palate is drooping on one side, speech has a nasal character

The uvula is pulled to the intact side

Loss of sensation in the larynx, the pharynx and the external auditory canal

Definition of bulbar and pseudobulbar palsy

Bulbar palsy refers to the lesion of the brainstem nuclei, intramedullary axons and the
cranial nerves exiting the brainstem (go to the video). Its symptoms are identical to those
of lower motor neuron lesion: weakness, muscle wasting, fasciculation, loss of reflexes.

Suprabulbar or pseudobulbar palsy refers to the bilateral damage of corticobulbar
fibers innervating the lower cranial nerves (9th, 10th, 12th cranial nerves). Its clinical
symptoms include disorder of articulation, phonation and swallowing. There is no
wasting or fasciculation on the tongue, the gag reflex elicited by touching the posterior
pharyngeal wall is increased, but voluntary swallowing is lost. Pseudobulbar palsy may
be accompanied by forced crying and laughing.

II./2.3.9. Accessory nerve (11th cranial nerve)

Anatomy

Motor fibers of the nerve, originating from the nucleus ambiguus, innervate the internal
muscles of the larynx together with the vagal fibers. The external (spinal) fibers originate
from the motoneurons of the anterior horns of the first five cervical spinal segments, run
upwards, enter the skull through the foramen magnum and the jugular foramen, and then
leave the skull again together with vagal and glossopharyngeal nerves. The external
motor branches innervate the trapezius and the sternocleidomastoideus muscles. It is a
pure motor nerve. The accessory nerve innervates only the upper part of the trapezius
muscle, the rest is innervated by the cervical plexus. The trapezius muscle is activated
when ʽthe shoulders are shrugged’. The simultaneus contraction of both
sternocleidomastoideus muscles bends the head forward.



Examination of the accessory nerve

The bulk of the trapezius and the sternocleidomastoideus muscles is observed. The
examiner’s hands are placed on the shoulders of the patient, and the patient is asked to
elevate his/her shoulders against resistance of the examiner. Unilateral weakness of the
sternocleidomastoideus muscle doesn’t affect the resting position of the head, however
rotation of the head towards the intact side is weak. When the patient is asked to bend
the head against the resistance of the examiner at the chin, the head turns to the
abnormal side as a result of decreased resistance of the abnormal muscle. The shoulder
on one side is drooping, the contour of the shoulders is asymmetric, the scapula is
displaced laterally and downwards and its apex is elevated from the thoracic wall. The
patient also experiences difficulty in holding the arm in the horizontal plane because the
trapezius muscle no longer helps the serratus anterior muscle.

Description of normal findings:

Normal bulk of the sternocleidomastoideus and trapezius muscles. Head turning and
elevation of the shoulder are normal.

The most common cause of accessory nerve lesion is a surgical procedure in the lateral
region of the neck (lymph node biopsy or tumor removal), or rarely it may be damaged
by meningitis, syphilis and trauma.

II./2.3.10. Hypoglossal nerve (12th cranial nerve)

Anatomy

It is a pure motor nerve, innervating the external and internal muscles of the tongue. Its
nucleus is located in the tegmental part of the medulla. Corticobulbar motor fibers
descend via the internal capsule to the contralateral hypoglossal nucleus. With the
exception of the genioglossal muscle, muscles of the tongue receive significant bilateral
cortical innervation. The hypoglossal nerve innervates the muscles of the tongue, and its
terminal branches (via anastomoses) innervate the subhyoid muscles.

Examination

The patient is asked to protrude the tongue. The position of the tip of the tongue is
observed (whether it is in the midline or not), in addition to any fibrillation or atrophy of
the tongue. The patient is asked to move the tongue in all directions, and any restriction
of movement is noted. Signs of tongue bite is an indication of a previous epileptic
seizure (Fig. 7).

Fig. 7

Description of normal findings:

The protruded tongue is in the midline. No atrophy or fibrillation.

Symptoms of hypoglossal nerve damage

a.) A supranuclear damage results in the weakness of the contralateral half of the
tongue, without fibrillation or atrophy. When the tongue is protruded, it deviates



to the side contralateral to the lesion because the genioglossal muscle of the
intact side pushes the tongue in that direction.

b.) A lower motor neuron lesion results in the atrophy of the tongue on the side
of the lesion, and the tongue deviates to the side of the lesion when asked to
protrude. Fibrillation, fasciculation and atrophy of the tongue are also seen. (go
to the video).

c.) In case of a bilateral lesion, pronounced speech and swallowing difficulty is
present (go to the video).

d.) Bilateral damage of the cortical and suprabulbar regions innervating the
tongue results in dysarthria and ataxia of the tongue.

Among the bulbar syndromes involving the lower cranial nerves (9th, 10th, 11th, 12th
cranial nerves), Avellis, Babinski-Nageotte, and Dejerine syndromes are rare. Jackson
and Wallenberg syndromes are more commonly seen.

Jackson syndrome: Lesion of the hypoglossal nucleus and the corticospinal tract
(ipsilateral paralysis of the tongue and contralateral hemiparesis).

Wallenberg (lateral medullary) syndrome (Fig. 1): caused by the occlusion of the
posterior inferior cerebellar artery (PICA). Symptoms: crossed hemihypaesthesia,
ipsilateral to the lesion on the face (nucleus tractus spinalis nervi trigemini), and
contralateral to the lesion on the trunk and limbs (spinothalamic tract). Paralysis
of the soft palate and vocal cord on the side of the lesion, dysphagia, dysarthria
(nucleus ambiguus). Horner-triad and ipsilateral loss of sweating, vertigo, nausea,
vomiting (vestibular nuclei), uncontrollable hiccups (brainstem respiratory
center).
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Fig. 1

Reticular formation (FR) and ascending systems

It is an extensive network of brainstem nuclei and fibers. Stimulation of the FR has an
awaking effect on the cortex, and influences tendon reflexes, muscle tone, respiration,
cardiac function, blood pressure, and activity of the vagal and sympathetic preganglionic
neurons. The pontine reticulospinal tract increases extensor muscle tone. The medullary
reticulospinal tract decreases extensor muscle tone. The ascending reticular activating
system (ARAS) contains distinct noradrenergic, serotoninergic, dopaminergic and
cholinergic systems.


