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a b s t r a c t

The hypoglossal nerve is a pure motor nerve. It provides motor control to the intrinsic and extrinsic
tongue muscles thus being essential for normal tongue movement and coordination. In order to design
a useful imaging approach and a working differential diagnosis in cases of hypoglossal nerve damage
one has to have a good knowledge of the normal anatomy of the nerve trunk and its main branches. A
successful imaging evaluation to hypoglossal diseases always requires high resolution studies due to the
small size of the structures being studied. MRI is the preferred modality to directly visualize the nerve,
agnetic resonance imaging
T

while CT is superior in displaying the bony anatomy of the neurovascular foramina of the skull base.
Also, while CT is only able to detect nerve pathology by indirect signs, such as bony expansion of the
hypoglossal canal, MRI is able to visualize directly the causative pathological process as in the case of
small tumors, or infectious/inflammatory processes affecting the nerve. The easiest way to approach the
study of the hypoglossal nerve is to divide it in its main segments: intra-axial, cisternal, skull base and
extracranial segment, tailoring the imaging technique to each anatomical area while bearing in mind the

cting
main disease entities affe

. Introduction

The twelfth cranial nerve or hypoglossal nerve is an entirely
otor cranial nerve that controls the intrinsic and extrinsic (genyo-

lossus, hyoglossus and styloglossus) muscles of the tongue and
lso the infrahyoid strap muscles through the ansa cervicalis [1].
lthough uncommon, damage to the hypoglossal nerve produces
haracteristic clinical and radiological manifestations of which uni-
ateral tongue atrophy is the most common [2–4].

Various pathological entities may affect the nerve, and, like the
ther cranial nerves, it is common to divide them in supranuclear,
uclear and infranuclear causes.

However, for the radiologist approaching a patient with
ypoglossal nerve damage it is especially useful, in addition to
he above mentioned classification, to bear in mind the various
natomical segments of the nerve and organize the diagnostic
ork-up according to the segment(s) that present pathological

hanges.
The hypoglossal nerve can be divided in roughly four segments:

ntra-axial, cisternal, skull base and extracranial segment which

an be damaged by different pathological processes. Knowledge of
he different disease entities affecting each segment narrows the
ifferential diagnosis and allows a more focused diagnostic evalu-
tion.

∗ Tel.: +351 21 884 1000; fax: +351 21 884 1023.
E-mail address: tojais.pedro@gmail.com.
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each segment.
© 2010 Elsevier Ireland Ltd. All rights reserved.

This article reviews the normal anatomy of the hypoglossal
nerve highlighting the most important features from a radiologi-
cal perspective, presents the available imaging techniques to study
the nerve and reviews the most common pathological conditions
affecting the various anatomical segments.

2. Anatomy

2.1. Medullary segment

The hypoglossal nucleus is located in the dorsal medulla
between the midline and the dorsal vagal nucleus. It is an elon-
gated thin nucleus that extends in a caudal–cranial direction along
the medulla oblongata for about 18 mm [5–9]. In its most inferior
portion it causes a bulging of the floor of the fourth ventricle called
the hypoglossal eminence or trigone (Fig. 1).

The axons that will form the hypoglossal nerve course in a
ventral direction through the medulla, internal to the medial lem-
niscus. The fibers exit at the ventrolateral sulcus or pre-olivary
sulcus between the olivary nucleus and the pyramid by way of
several thin rootlets in an area designated by root exit zone.

The hypoglossal nucleus has connections with fibers from the
glossopharyngeal, vagus and trigeminal nerves, mediating reflex

movements in response to a wide variety of stimuli from the lingual,
oral and pharyngeal mucosa, that are important for the processes
of speaking and swallowing.

The nucleus receives its blood supply through the anterior spinal
and vertebral arteries.

http://www.sciencedirect.com/science/journal/0720048X
http://www.elsevier.com/locate/ejrad
mailto:tojais.pedro@gmail.com
dx.doi.org/10.1016/j.ejrad.2009.08.028
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Fig. 1. (a) MRI axial CISS. A small bulge on each side (arrows) of the middle line marks
defined rootlet is seen (arrow). The pre-olivary sulcus is seen adjacent to it (open arrow).
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ig. 2. Axial CISS. The left hypoglossal nerve (arrow) emerging from the medulla as
single trunk and entering the hypoglossal canal. A thinner rootlet is seen on the

ight (open arrow).

.2. Cisternal segment

The pre-medullary cistern contains the rootlets of the nerve,
ormed by the coalescence of multiple efferent fibers. These rootlets
re in close proximity with the vertebral artery, being located
osterolateral to it. Just before exiting the skull base at the

ypoglossal canal the rootlets fuse, forming the hypoglossal nerve
Figs. 2 and 3).

In the cisternal segment small nerve filaments may also fuse
ith some vagal nerve fibers.

ig. 3. Axial CT scan showing both hypoglossal canals with smooth well corticated
argins (circles).
the hypoglossal trigone (arrows). (b) Axial MRI CISS sequence. On the right a well
The right hypoglossal canal is well defined (circle).

2.3. Skull base segment

This segment is formed by the nerve inside the hypoglossal
canal, a structure within the occipital bone inferiorly to the jugular
foramen (Figs. 4, 5 and 7).

The nerve is surrounded at this level by a venous plexus, a
feature that allows its study by contrast enhanced T1WI MRI
sequences, and also by a meningeal branch of the ascending pha-
ryngeal artery. Identification of these vessels, especially the venous
plexus, may be important because an enlarged emissary vein drain-
ing into the sigmoid sinus may be responsible for some cases of
hypoglossal palsy [10,11].

The canal pierces the occipital condyle in a lateral and forward
direction and it may be divided by a small bony spicule.

2.4. Extracranial segment–carotid space segment

The hypoglossal nerve exits the canal and gives origin to some
small dural branches just before entering the nasopharyngeal
carotid space at its medial side. It then descends in close contact
with the vagus nerve and exits the carotid space between the inter-
nal jugular vein and the carotid artery taking an anterior course and
lying at the inferior border of the posterior belly of the digastric
muscle.

2.5. Extracranial segment–anterior segment
After exiting the carotid space the nerve continues anteriorly
and inferiorly towards the hyoid bone and at the level of the occip-
ital artery base passes below the posterior belly of the digastric
muscle.

Fig. 4. Axial CISS: normal vascular structures inside the hypoglossal canal (arrows).
A thin rootlet of the right hypoglossal nerve is seen (yellow arrow).
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ig. 5. (a) Coronal T1WI with intravenous contrast through the proximal hypogl
ypointense nerve on the right is clearly seen (yellow arrow). The bright jugular bu
ontrast at the distal hypoglossal canal. The nerve is seen as a hypointense linear st

The terminal segment of the nerve gives off its distal branches,
he most important being the muscular branch on the lateral border
f the hyoglossus in the posterior sublingual space (Fig. 6) and the
nsa cervicalis that together with the superior and inferior spinal
oots of C1–C3 innervates the infrahyoid strap muscles.

. Imaging strategy

The need for imaging in cases of hypoglossal nerve palsy arises
rom the limitations of the clinical examination. By itself, the clini-
al examination cannot localize with accuracy the site of damage to
he nerve. The best one can accomplish, based on the inspection of
he tongue and analysis of the function of the other cranial nerves
s to differentiate between supranuclear, nuclear and infranuclear
athology.

In most of the clinical scenarios, albeit some minor differ-
nces, damage to the hypoglossal nerve produces the same tongue
hanges regardless of the segment being affected, and imaging is
ssential to make an accurate topographical diagnosis as well as to
efine its cause.

Regardless of the imaging technique that the radiologist chooses

here are two basic principles that must be adhered to.

The first is that the entire anatomical course of the nerve should
lways be covered. This is essential in order to have a full picture
f the different segments of the nerve and to accurately map the

ig. 6. Axial T2WI through the sublingual space. The hypoglossal nerve cannot be
een but its position can be inferred in the sublingual space adjacent to the vascular
undle. Just medial to the hyoglossus one can see the circular shape of the lingual
rtery (arrow). Sublingual glands (yellow arrows), Genioglossus (orange circle).
anal, displaying the typical round morphology at its proximal level. The normal
ust lateral to the hypoglossal canal (red arrow). (b) Coronal T1WI with intravenous
e (yellow arrow), exiting the canal and entering the nasopharyngeal carotid space.

offending lesion, but it is especially important when one is staging
a head and neck malignancy, where perineural spread of the pri-
mary tumor with possible multiple skip lesions may occur along
the nerve course, even without any clinical signs.

The second is the obligatory use of intravenous contrast.
With MRI, gadolinium enhanced T1WI sequences are very often
the only ones that allow the diagnosis of malignant perineu-
ral spread, infection or inflammation of the nerve and of small
tumors. On CT, although the nerve proper is not visualized,
the use of contrast, especially in cases of tumors, increases
lesion conspicuity and determines the important vascular relation-
ships.

Conventional radiology and ultrasound are insufficient to give
useful information concerning the hypoglossal nerve and today the
diagnostic approach to nerve dysfunction, as in the case of other
cranial nerves, relies on CT and MRI. CT and MRI have a compli-
mentary role. CT displays the osseous anatomy with exquisite detail
while MRI has superior soft tissue contrast. Both allow the study of
the perineural fat pads, the loss of which signals pathological nerve
involvement.

The new generation of volumetric CT and high field MR scan-
ners allows higher resolution and faster imaging studies, depicting
the various nerve branches and mapping the entire cranial nerve
course.

3.1. CT

Although MRI is superior in visualizing the nerve proper, its
rootlets and branches, CT easily displays the dimensions and mor-
phology of the hypoglossal canal, and the state of the neighboring
foramina and osseous segments of the skull base, information that
is especially relevant to the pre-operative planning.

From a radiological perspective, the bone changes displayed by
the pathological entity under study allow one to make the differen-
tial diagnosis between a rapidly destructive process that creates a
moth eaten or permeative appearance or one with a more slow
or indolent course that tends to remodel and expand the bone
segments in the vicinity [12].

As stated above, the CT protocol for study of the hypoglossal
nerve must include the entire course of the nerve from its origin
to the inferior distal branches, which means scanning from the
orbital roof down to below the hyoid bone. Newer scanners eas-

ily acquire 1 mm or thinner slice thickness allowing isotropic or
near-isotropic reconstructions in any plane desired. Regardless of
the scanner used, in order to obtain a diagnostically useful study of
the skull base and its bony foramina, the slice thickness should not
exceed 3 mm (Table 1).
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Table 1
CT parameters for study of the hypoglossal nerve/skull base foramina.

Parameters Single slice 4–8 slices 16 slices 64 slices

Collimation (mm) 1 1/1.25 1.25/1.5 0.6/0.625
Reconstruction increment 1 mm 3 mm (1 mm–recon) 2–3 mm (1 mm–recon) 2–3 mm (0.6 mm–recon)
Slice thickness 3 mm 3 mm (1.5 mm–recon) 2–3 mm (1.5–2 mm–recon) 2–3 mm (0.75–1 mm–recon)
Convolution kernel Bone/soft tissue Bone/soft tissue Bone/soft tissue Bone/soft tissue
Intravenous contrast Yes Yes Yes Yes
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Unlike other cranial nerves, lesions of the hypoglossal are rare
and when present they are usually associated with other nerve
palsies.
Concentration (mg iodine/ml) 300 300
Volume (ml) 90–100 90–100
Injection rate (ml/s) 2–3 2–3
Delay (s) 50–70 50–70

If there is the possibility of multiple dental artifacts and the
canner allows it (usually only possible with single slice or 4-slice
canners), two spirals should be acquired, angulated conversely to
void the teeth. The first spiral that covers the skull base should be
cquired with the thinnest collimation possible (≤1 mm) while the
econd spiral covering the rest of the neck may be acquired with a
hicker collimation (2 and 5 mm).

Contrast should be administered and if possible a CT-
ngiographic study obtained. Contrast enhances lesion detection
nd characterization and allows the study of the relationship of
he lesion and nerve with nearby vascular structures. The best
esults are achieved at a diagnostic window of about 50–70 s
fter the start of the injection, allowing for a good discrimina-
ion between the enhancing tumor rim and the surrounding soft
issues.

.2. MRI

MRI provides exquisite soft tissue contrast and allows direct
isualization of the different segments of the nerve, and gener-
lly it is the method of choice for the study of a patient presenting
ith hypoglossal nerve palsy of unknown cause. The main problem
ith MR studies is that they are time consuming and more prone

o motion artifacts requiring a good collaboration from the patient.
A high field scanner of 1T or higher is necessary to produce

mages that are diagnostically useful.
Multiple sequences are available to study the nerve and each

as specific advantages according to the segments being studied.
he principles of designing a MR protocol for the hypoglossal nerve
ollow the same basic principles as for the other cranial nerves
7,13–15,38] (Table 2).

For the intra-axial segment or above (nuclear or supra-nuclear
esions) a brain protocol is used with fast spin-echo (FSE) T2W
mages, diffusion weighted imaging DWI and T1W pre- and post-
ontrast.

For the cisternal segment a 3DFT heavily T2W sequence (CISS,
RIVE, FIESTA) with submillimiter thickness (usually 0.7 mm)

hould be used. The nerve, its rootlets and filaments stand out as
ypointense structures surrounded by hyperintense CSF.

For the evaluation of neurovascular conflicts the use of 3DFT
OF MRA (3D FISP or FLASH) permits an accurate assessment of the
elationship of the vessels to the nerve or its components.

High resolution T1W images pre- and post-GAD with fat
uppression (SPGR, GRASS, MPRAGE), allow further anatomical
haracterization of the remaining segments. The use of contrast is
specially important in infectious/inflammatory pathology where
bnormal enhancement of the nerve may be the only abnormality
epicted.
CISS images are especially useful in the axial plane, demonstrat-
ng the take-off of the nerve rootlets in the cisternal segment.

The hypoglossal canal should be routinely studied in the axial
nd coronal planes. Sometimes the sagital plane may be useful,
epending on the pathological changes.
300 300
70–100 70–100
2–3 2–3
50–70 50–70

The extracranial segment should be imaged in the axial and
coronal planes. The sagital plane is also useful for distal lesions
involving the floor of mouth or tongue base.

4. Imaging landmarks for identifying the hypoglossal nerve

Various approaches exist to film reading and each radiologist
uses the one with which he or she is familiar. Most important is
to have a systematic approach and to use easily and consistent
identifiable anatomical landmarks.

In the intra-axial segment one should look for the bulging on
the floor of the fourth ventricle that marks the site of the nucleus.

Then one should turn the attention to the pre-olivary sulcus
that roughly locates the root exit zone for the proximal cisternal
segment of the root bundles.

The hypoglossal canal is a more easily identifiable landmark.
In axial images it is very easy to locate. One possible strategy is
to first identify the atlanto-occipital joint, then the condyles and
finally the canal as a bony defect with a tubular shape. In the coro-
nal plane the proximal canal has a circular shape while the more
distal parts having a “birds head and beak” appearance. On coronal
images the nerve is located roughly in the lateral-superior quad-
rant of the canal. The sagital plane is slightly difficult to interpret.
The easiest way to begin is to identify the atlanto-occipital joint by
its superior concave surface and then immediately above it locate
the enhancing venous plexus inside the hypoglossal canal and the
hypointense round nerve (Fig. 7).

Direct visualization of the hypoglossal nerve in the carotid and
sublingual space is more difficult in these segments and its position
is inferred by the adjacent anatomical structures as described in the
above section.

4.1. Clinical signs of hypoglossal pathology
Fig. 7. Sagital T1WI with intravenous contrast: the curved upper surface of the
atlanto-occipital joint (white arrow) and above it the round hypoglossal canal with
the enhancing venous plexus and a small hypointense dot representing the nerve
(thin black arrow).
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Table 2
MR sequences for the evaluation of cranial nerves (adapted from Borges [14]).

Parameters FSE T1Wa (GAD) TSE T2W 3DFT MPRAGEa (GAD) 3DFT CISSa 3DFT-FISP turbo-MRAa

TR 684 4000 11.6 12.25 35
TE 20 99 4.9 5.9 6.4
FA 90◦ 180◦ 12◦ 70◦ 15◦

Thickness 2 mm 4 mm 1 mm 0.7 mm 0.75 mm
Matrix 160 × 256 242 × 512 192 × 256 192 × 256 320 × 512
FOV 230 300 240 95 200

a Other similar sequences that may be used include: FFE T1W, fast field echo T1W; 2D FLASH GE, bi-dimensional fast low-angle shot gradient echo T1WI; 3D-GRASS,
t three-
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The radiologist should be alert to the various appearances of
tongue denervation. It is especially important, when there is loss of
volume on one side, not to confuse the unaffected side with a mass
and avoid biopsying the normal tongue in search of a tumor.

Table 3
Causes of hypoglossal nerve palsy.

(1) Vascular
Infarct affecting the hypoglossal nucleus
Arteriovenous fistula (sigmoid sinus)
Carotid artery dissection/aneurysm
Thrombosis of median branches of the vertebral artery
Vasculitis

(2) Neoplasia
Secondary

Metastatic lesions of the skull base
Primary

Meningioma
Glioma
Schwannoma/neuroma
Glomus

(3) Infection/inflamation
Acute poliomyelitis
Retropharyngeal infection
Sarcoidosis
Periostitis affecting the hypoglossal canal

(4) Trauma
Fracture of the occipital condyle
Odontoid process subluxation
hree-dimensional gradient recalled acquisition in the steady state; 3D-CE-FAST,
hree-dimensional Fourier transform fast low-angle shot MRA; SE, spin echo; FSE, fas
apid gradient echo; 3DFT-CISS, three-dimensional Fourier transform constructive
ast-in-flow steady-state precession 2115.

The multiple causes [18–20] of hypoglossal palsy may be divided
ccording to their etiological type (Table 3).

Malignant tumors are the most common cause of hypoglossal
erve palsy (HNP). Other causes are trauma, infection, medullary

nfarction, multiple sclerosis and Guillain Barré Syndrome [16].
Isolated HNP is an even rarer condition and when present usu-

lly poses a diagnostic challenge with frequent misdiagnosis.
The hypoglossal nerve is a pure motor nerve and nerve damage

eads to imbalance of the tongue muscles causing deviation towards
he weak side.

When the lesion is supranuclear there is weakening/paralisys of
he tongue on the contralateral side of the lesion but this is usually
ompensated by the normal side and so, tongue weakness in these
ases tends to be mild.

When the lesion is nuclear or infranuclear the clinical changes
re ipsilateral and the tongue deviates towards the side of the
esion, associated with muscle atrophy and fasciculation, signs that
oint towards a lower motor neuron disease.

Nuclear lesions are often associated with other signs of brain-
tem involvement, with combined neurologic deficits.

If the clinical examination also shows a disorder of the infrahy-
id strap muscles (Fig. 8) the physician can localize the lesion to
ne of the segments distal to the point where the hypoglossal nerve
oins the C1 fibers – the carotid and anterior segments.

.2. Pathology

In the majority of cases the first radiological sign that draws
ttention to a lesion of the nerve is unilateral atrophy of the tongue.

The imaging approach consists of analyzing the different seg-
ents of the nerve and recognizing the most common differential

iagnosis [21] in each (Table 4). It is not possible to provide an
xtensive review of all the lesions that can cause hypoglossal nerve
alsy and so the discussion will be limited to the most common
ntities.

.2.1. Tongue
The first step is to make sure that true tongue atrophy is present.

esions with a prominent fatty component in the sublingual space
uch as lipomas or dermoids that are in close contact and displace
he tongue musculature may be confused with an intrinsic lesion
f the tongue and should be systematically excluded.

If a true atrophy is present then there will be volume loss on the
ffected side with fat density on CT (Fig. 8) and fat intensity on the
R sequences.
Imaging changes in the tongue after damage to the hypoglossal
erve vary according to the time elapsed between the initial nerve
nsult and the imaging examination [2,22–25].

After the hypoglossal nerve has been damaged the axons down-
tream to the site of the lesion degenerate and the muscles
ependent on the nerves affected begin to denervate. Muscle
dimensional contrast-enhanced Fourier acquired steady state; 3DFT-FLASH MRA,
echo; 3DFT-MPRAGE, three-dimensional Fourier transform magnetization prepared
ference in the steady state; 3DFT-FISP MRA, three-dimensional Fourier transform

volume begins to decrease secondary to atrophy of the muscle
fibers. As more time passes fibrous changes and fatty infiltration
ensue.

The most useful imaging modality to characterize the various
muscle changes is MRI. In the subacute phase of denervation the
tongue is hyperintense on T2WI and hypointense on T1WI, mainly
due to the increased water content of the interstitial space. If intra-
venous contrast is given there may be an increased uptake due to
the relative increase in capillaries per unit volume in the atrophic
muscle and the accumulation of contrast material in the increased
interstitial compartment. In this initial phase the CT appearance is
nonspecific.

In the chronic phase as fatty infiltration progresses, the tongue
volume on the affected side will decrease and on axial images one
will see posterior protrusion of the base of the tongue. On MRI the
affected tongue will have high signal on both T1WI and T2WI and
on CT the characteristic fat density will be noted. On T1WI, areas of
hyperintensity will begin to appear at about five months after the
initial insult.
Post-surgical sequelae
Head and neck trauma

(5) Autoimune
Diabetes
Multiple sclerosis
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ig. 8. (a) Axial CT showing marked hypodensity in the right hemitongue, seconda
ecreased thickness of the pre-laryngeal strap muscles, signaling involvement of th

.3. Medullary segment

A variety of disease processes may affect the hypoglossal
ucleus. Pathology of this segment of the nerve is frequently asso-
iated with damage to other cranial nuclei resulting in a complex
ower cranial neuropathy [19]. If both nuclei are involved the result
s complete paralysis of the tongue.

Neoplasms are among the most common causes and may be pri-
ary or secondary [16,17]. Most frequent are metastases followed

y gliomas. Metastasis can have a variety of imaging appear-
nces and should always be high on the differential diagnosis of
pace-occupying brainstem lesions. Gliomas are heterogeneous
nfiltrative lesions featuring high signal intensity on T2WI and
LAIR sequences and causing expansion of the brainstem in a
atient presenting with multiple cranial nerve deficits.

Other less common disease processes of inflammatory, infec-
ious or demyelinating nature may also occur, such as multiple
clerosis, amyotrophic lateral sclerosis or poliomyelitis [26]. The

est technique to study these lesions is MRI. In the case of multiple
clerosis, typical high signal intensity plaques along the nucleus are
een in PD, T2WI and FLAIR sequences.

Infectious causes of isolated hypoglossal palsy are extremely
are, with only a few cases described in the literature, mainly in

able 4
egmental differential diagnosis of hypoglossal palsy.

(1) Medullary segment
Infartcion (ischemia/hemorrhage)
Neoplasia (glioma)
Multiple sclerosis/demyelinating diseases

(2) Cisternal segment
Neurovascular conflict (PICA, VA)
Aneurysm
Vascular ectasia
Neoplasia (meningioma)
Rheumatoid arthritis

(3) Skull base segment
Skull base metastasis
Nasopharyngeal carcinoma
Nerve sheath tumor
Glomus tumor

(4) Extracranial segment–carotid space
Carotid artery dissection/aneurysm
Neoplasia (squamous cell carcinoma)
Adenopathy (metastatic/inflammatory)
Vascular intervention

(5) Extracranial segment–anterior segment
Infection/inflammation – sublingual space
Squamous cell carcinoma
Post-surgical sequelae
atty infiltration in a patient with hypoglossal palsy due to metastasis. (b) Note the
cervicalis.

children, and its features are not well recognized due to the small
number of cases reported.

4.4. Cisternal segment

The cisternal segment lies in the pre-medullary cistern and it
may be affected by intrinsic or extrinsic pathological processes to
the nerve.

Extrinsic lesions are usually the result of direct extension of skull
base pathology, usually neoplasms (chordoma and meningioma),
but also some infectious/inflammatory causes such as skull base
osteomyelitis.

Primary neoplasms of the hypoglossal nerve may also occur
but are uncommon [27–31]. As with other neurinomas elsewhere
they are classified in three types, according to their location along
the nerve. In decreasing order of frequency they are type B (intra-
cranial and extracranial 50%), type A (intra-cranial 31.5%) and type
C (peripheral 18.5%). Type B has a characteristic dumbbell shape.

Patients with a hypoglossal neurinoma (Fig. 9) may present in
several distinct ways, depending on the location of the tumor. Type
B lesions usually present as a combined palsy of the nerve (due
to the intra-canalicular component) with more or less extensive
involvement of the other cranial nerves. Type C lesions present as a
neck mass, in the carotid or submandibular space, and the palsy will
depend on the number of nerve fibers involved. Type A neurinoma
may produce multiple cranial nerve deficits, but interestingly, the
cases of hypoglossal neurinomas without any clinical signs of palsy
all had their origin in the intra-cranial nerve rootlets, CT will show
regular expansion of the hypoglossal canal by the neurinoma, with
bone remodeling but without rupture of the cortex. The tumor itself
is slightly hypodense and enhances after contrast. It usually has
an oblong shape, along the nerve course. With bigger lesions one
finds increasing structural heterogeneity with cystic areas, hem-
orrhage or necrosis. On MRI neurinomas are usually hypointense
on T1WI, hyperintense on T2WI and also show strong enhance-
ment.

Vascular abnormalities such as an aneurysm of the vertebral
artery or dolichoectasia may cause compression of the nerve and
subsequent clinical symptoms. However, anatomical and radio-
logical studies show that both the VA and the PICA may deform,
compress or displace the twelfth nerve regardless of the patient’s
clinical symptoms, making the visualization of these contacts of
doubtful pathological significance in an entirely asymptomatic

patient.

Although not as well studied as for other cranial nerves, deter-
mining what constitutes a true neurovascular conflict on imaging
is subject to controversy with some authors advocating the use of
very specific and strict criteria to make this diagnosis [32]. Some of
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ig. 9. (a, b) T2WI axial and T1WI coronal images with intravenous contrast show a
nd deviation. The lesion is adjacent to and involves the hypoglossal canal (open arro
arotid space splaying the vessels (short yellow arrows).

hese criteria are that the location of the conflict should be at the
oot entry zone, the vessel must cross the nerve perpendicularly,
he nerve must show some displacement and the vessel in question

ust be an artery (Figs. 10 and 11).
As in the case of other nerves, the best MRI sequence to study

eurovascular conflicts is the CISS sequence. MRA sequences are
ess sensitive if the vascular structures involved are veins, due to
he slow blood flow inside these vessels.

Infection at the skull base such as osteomyelitis [33] or sub-
rachnoid hemorrhage may also cause damage to the nerve, its
ootlets and filaments.
Alterations in the neighboring osseous segments of the skull
ase by trauma or congenital alterations are also potential sources
f nerve damage. Abnormal locations of the medulla in the fora-
en magnum, such as in Arnold–Chiari malformation or odontoid

ig. 10. Axial CISS. Slightly thickened right hypoglossal nerve (yellow arrow) in
lose contact with the ipsilateral vertebral artery (red arrow). The patient had no
ymptoms of hypoglossal nerve palsy.
d hypoglossal neurinoma (arrows) in a patient that presented with tongue atrophy
) Axial enhanced T1WI displaying the lesion (long red arrow) in the nasopharyngeal

impingement in rheumatoid arthritis, are examples of conditions
that may be associated with HNP.

4.5. Skull base segment

A variety of disease processes [34] may involve the hypoglossal
nerve at this level with the most common causes of nerve damage
being tumors and trauma.

Both benign and malignant tumors may damage the nerve. They
extend from nearby segments of the skull base and cause ero-

sion or expansion of the nerve canal. The most common malignant
tumors are metastasis from breast, lung and prostate cancer and
direct extension of nasopharyngeal carcinoma through the skull
base (Figs. 12 and 13).

Fig. 11. Axial CISS. The left hypoglossal nerve forming a small “loop” that is crossed
by the ipsilateral vertebral artery (long arrow), seen as two hypointense dots (short
arrows) around the vessel.
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Fig. 12. Coronal T1WI with intravenous contrast. Extensive metastatic involvement
o
p
T

c
i
l

The best imaging modality to study perineural tumor involve-

F
a
S

F
T

f the right hypoglossal (yellow arrows) canal and nerve (red arrow) with marked
ost-contrast enhancement of the osseous segments and the interior of the canal.
he left hypoglossal canal and nerve are normal (blue arrow).
Bone tumors may also affect the nerve, secondary to the osseous
hanges that ensue. The differential diagnosis is extensive and
ncludes giant cell tumors, osteogenic sarcomas and cartilaginous
esions. In the same manner primary bone lesions such as fibrous

ig. 13. (a) Axial T1WI with intravenous contrast in a patient with a nasopharyngeal carc
rrow). (b) Axial T1WI with intravenous contrast showing the invasion of the right hypog
erous otitis media is appreciated on the same side (short open arrow). The normal hypo

ig. 14. (a) Axial T1WI with intravenous contrast showing a large necrotic adenopathy
1WI. The patient had a slight tongue dysfunction and some slices above, a subtle posteri
iology 74 (2010) 368–377 375

dysplasia or Paget’s disease that involve the base of the skull also
cause nerve dysfunction due to compression of various bone foram-
ina.

Benign tumors include meningiomas, glomus tumors and
peripheral nerve sheath tumors [27].

Infections of the skull base [33], especially in diabetic or
immunocompromised patients are another cause of nerve dysfunc-
tion and should be included in the differential diagnosis. Among
these are Pseudomonas and Tuberculous osteomyelitis.

4.6. Extracranial segment

Although the differential diagnosis of lesions affecting the
extracranial segment of the nerve is extensive, in daily practice
most of the cases are due to malignant tumors [16], either by direct
invasion by the primary mass or by perineural spread along the
nerve trunks.

Perineural spread of tumor can occur in an antegrade or retro-
grade direction, the latter being more frequent.
ment is MRI, especially with T1W fat suppressed contrast enhanced
sequences that demonstrate the abnormal areas of nerve enhance-
ment. Plain T1WI sequences are also very useful because they can
also show the obliteration of the normal perineural and foraminal

inoma (red arrows) spreading posteriorly to involve the hypoglossal canal (yellow
lossal canal with marked enhancement of its walls and contents (long thin arrow).
glossal canal is shown on the left for comparison (circle).

in the right submandibular space with invasion of the hypoglossal loop. (b) Axial
or tongue drooping (arrows) on the right could be appreciated.
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ig. 15. Large left tongue and floor of mouth squamous cell carcinoma (arrows) with
nvasion of the hypoglossal nerve. The lesion crosses the midline.

at pads, thickening of the nerve and enlargement of the hypoglos-
al canal.

.7. Extracranial segment–carotid space

In the carotid space the hypoglossal nerve lies in intimate
ontact with the nearby vascular structures, namely the internal
arotid artery and the internal jugular vein. Vascular pathologies,
pontaneous or iatrogenic, can easily affect the nerve due to the
lose proximity of the vessel.

Carotid artery aneurysms or ectasia, dissection and venous
hrombosis can lead to HNP by compression. Medical procedures
uch as endarterectomy and vascular puncture can also cause nerve
ysfunction [35,36].

However, as stated above, the most common causes of HNP in
he carotid space are malignant tumors, both primary and sec-
ndary (Fig. 14). Squamous cell carcinoma, lymphoma, salivary
land malignancies and sarcomas are just some examples of the
ost common tumors.
Benign tumors, such as paragangliomas and lipomas should also

e in the differential diagnosis of a carotid space lesion and as
ossible cause of HNP.

In the same way as iatrogenic lesions, trauma to the carotid
pace from stab, gunshot wounds or infection spreading from other
eck spaces may all cause dysfunction of the twelfth nerve.

.8. Extracranial segment–anterior segment

In this segment, where the hypoglossal nerve loops anteriorly to
nd in the sublingual space, the most common cause of dysfunction
s nerve damage due to squamous cell carcinoma of the base or
ateral regions of the tongue.

An important sign of hypoglossal nerve involvement in malig-
ant neoplasms of the floor of mouth (Fig. 15) and tongue tumors
s the obliteration of the normal fat planes adjacent to the take-off
f the proximal lingual artery, a finding initially described on CT
cans but also easily appreciated on MRI studies [36].

Tongue dysfunction after neck dissection for cervical adenopa-
hy is a possibility [37], especially at the submandibular triangle

[

[

iology 74 (2010) 368–377

where the nerve is crossed by the digastric muscle. When there is
lymph node involvement of the submandibular triangle there is an
increased risk of hypoglossal damage after neck dissection.

Odontogenic lesions such as abscesses or iatrogenic damage
after tooth extraction are other causes to be considered in the
appropriate clinical scenarios.

5. Conclusion

The radiological approach to patients with lesions of the
hypoglossal nerve requires a good knowledge of the clinical syn-
dromes associated with nerve damage and of the normal and
radiological nerve anatomy in order to plan the most adequate
study to the patient’s clinical presentation.

A systematic, segmented approach seems to be the most effec-
tive way to narrow down the many diagnostic possibilities in a way
that is most useful both to the clinician and the radiologist.
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