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Because of the inherent complex anatomy and functional arrangement of the cranial nerves
(CNs), neuroimaging of cranial neuropathy is challenging. With recent advances in magnetic
resonance imaging (MRI) techniques, the cause of cranial neuropathy can now be detected in
many cases. As an active multidisciplinary team member of cranial neuropathy, it is essential
for the neuroradiologist to be familiar with the detailed anatomy of the CNs on MRI. This review
contains the basic MRI anatomy of CNs IlI-XIl according to a segmental classification from the
brain stem to the extracranial region. The optimal imaging options to best evaluate the specific
segment of the CNs will also be discussed briefly.
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Table 1. CNs and their Functional Components*

Functional .
CN Function
Component
I, olfactory SVA  Smell
II, optic SSA Vision
11, oculomotor (G)SE  Superior, inferior, and medial recti, inferior oblique,

levator palpebrae superioris
GVE  Sphincter pupillae, ciliary muscle
IV, trochlear (G)SE  Superior oblique
V, trigeminal GSA  Skinand deep tissues of head, dura mater
SVE Muscles of mastication, tensor tympani and tensor veli palatine,
mylohyoid, anterior belly of digastric muscle
VI, abducent (G)SE  Lateral rectus
VII, facial GSA  Outerear
SVA Taste (palate & anterior */; of tongue)
GVA  Some mucous membranes of nasopharynx
GVE Lacrimation and salivation (submandibular and sublingual)
SVE Muscles of facial expression, stapedius
VI, vestibulocochlear SSA  Hearingand equilibrium
IX, glossopharyngeal GSA  Outerear
SVA Taste (posterior '/; of tongue)
GVA  Carotid body and sinus, mucous membranes of pharynx and middle ear
GVE  Salivation (parotid gland)
SVE  Stylopharyngeus
X, vagus GSA Outer ear
SVA  Taste (epiglottis)
GVA Thoracic and abdominal viscera, mucous membrane of larynx
and hypopharynx
GVE  Thoracic and abdominal viscera
SVE Muscles of larynx and pharynx, palatoglossus

XI, accessory SVE Sternocleidomastoid and trapezius
XIl, hypoglossal (G)SE Intrinsic and extrinsic tongue muscles except palatoglossus

*Adapted from Kelly. Neuroimaging Clin N Am 1993;3:1-45 (2).

CN = cranial nerve, GSA = general somatic afferent, (G)SE = (general) somatic efferent, GVA = general visceral
afferent, GVE = general visceral efferent, SSA = special somatic afferent, SVA = special visceral afferent, SVE =
special visceral efferent

(olfactory nerve, CN I)z} A]417 (optic nerve, CN 1) A 2| gt 52F417 (oculomotor nerve,
CN III)—A 3417 (hypoglossal nerve, CN XII) 5 10712} T4 =272 =[7Hbrain stem)o]]
A2t Sl(nucles) 2 = HE 2}7+9] WA o] AHsh= F7H HF 220l o] 2717HA] H|gt SR
M L2 E= 3 o] 7 (segment)= F2oh=T, HAIZZ Q] o s RE4] AolH= o]
et A2 ZF o) Ssh= Bwle] ZhERITo) mie- 2 =30 HUk(3, 4).

o] T/dollX= FIH =R E dotil Aol o] 2= 10712] YA HAZE Y] o'E 44 MRI
2743} 7} gLofof] 2-5F MRI 7| ®of| Tsto] =1t ko) =5 4o = Yol izt g,
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Fig. 1. A schematic drawing of the subdivisions of the cranial nerves according to the anatomic segments.
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Brain stem Venous ~“Borié Extracranial
plexus e soft tissue

1 = nuclear segment, 2 = fascicular segment, 3 = cisternal segment, 4 = dural cave segment, 5 = interdural
segment, 6 = foraminal segment, 7 = extraforaminal segment, CSF = cerebrospinal fluid

mlo

12719] HA417 5 S (telencephalon)2t 7=l (diencephalon)e] A1 S 2H4175 3} A1 4174
Alefsh et ojnjo} A HAE 2 S e e ekl 7kx] 2] 10712 A7 ol ek(1-
6). ° 10712 HA17AL W7ol S 72 }lom, st = i 7)e) 228l (sensory nucle-
us) ¥ 253 (motor nucleus) 0 ZH & Zdgrk2 47t (fascicle)©l —‘n]/‘\l d= o|Fo] Hih&
AUt 70 Hfe = Ffshed|, 44| HAALS 3 R daY 9 F iR S5
7R E ofe] o2 F-/okal Qlof siEEA E4o] wet o Bt 7HsStthFig. 1) (3, 4).
o|2|gh sl e} FxE2] Afo| & v o2 ESHE MRI 7|H-& AREsH Zf F-<o]] 5= X
2178 Agke] A4 582 =Y 4= lti(Table 2).

311 (Nuclear Segment)

A GRE Wesh= S 0IAF SR AT sk ABAMIZEAY o= HAlF
W w7ko 2 BE U= A AI7E4d frefferent nerve fiber)Q] 7]91Q1 25302} H7Fo & F0f
2= A -G(afferent nerve fiber)E FHdE 7280 2 Lo RITH1-6). 10702 T
21749] a2 = Z7he] (midbrain), 2 (pons), A<4*(medulla oblongata) 5 =7l $x|skH=t|
(Figs. 2, 3), #4174 (accessory nerve, CN XI)<> shA<=0] %3t 23l (nucleus ambiguous)2}

H o] A1 F-A|57 30 = 243 (spinal nucleus)S 7HA|H, Z12-9] so 2 HE] SrlE A

(bulbar part of accessory nerve, CN XIg)2t 245417 (spinal part of accessory nerve, CN XIs)
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Table 2. Useful MRI Pulse Sequences according to the Cranial Nerve Segments

Cranial Nerve Segment Pulse Sequence Examples
Nuclear/Fascicular 2D/3D heavily T2*-weighted spoiled gradient echo m-FFE
Diffusion tensor imaging MEDIC
MERGE
Cisternal/Dural Cave 3D heavily T2-weighted fast spin echo DRIVE
3D heavily T2-weighted fast gradient echo FRFSE
T2 VISTA
T2 SPACE
T2 CUBE
bFFE
CISS
FIESTA
Interdural/Foraminal 3D contrast-enhanced T1-weighted fast gradient echo bTFE
3D contrast-enhanced balanced SSFP MPRAGE
FSPGR
THRIVE
VIBE
bFFE
CISS
FIESTA
Extraforaminal T1-weighted spin echo bFFE
3D balanced SSFP with/without contrast enhancement CISS
3D reversed FISP FIESTA
PSIF-DWI
DESS-WE
2D =two-dimensional, 3D = three-dimensional, bFFE = balanced fast field echo, bTFE = balanced turbo field
echo, CISS = constructive interference in steady state, DESS-WE = double-echo steady-state with water exci-
tation, DRIVE = driven equilibrium radiofrequency reset pulse, FIESTA = fast imaging employing steady state
acquisition, FISP = fast imaging with steady-state free precession, FRFSE-fast recovery fast spin-echo, FSPGR =
fast spoiled gradient echo, MEDIC = multiple echo data image combination, MERGE = multiple echo recom-
bined gradient echo, m-FFE = Multi-echo fast field echo, MPRAGE = magnetization-prepared rapid gradient
echo, PSIF-DWI = reversed FISP with diffusion weighted imaging, 3D = three-dimensional, SPACE = sampling
perfection with application-optimized contrasts by using different flip angle evolutions, SSFP = steady-state
free precession, THRIVE = T1-weighted high resolution isotropic volume examination, VIBE = volumetric in-
terpolated breath-hold examination, VISTA = volumetric isotropic turbo spin echo acquisition

o] 7|dgtth. drkA o 2 Zzkelo] 253l H|gto] W7to] 20|50 Qfx|etal Ug7] 5 (visceral
function)& 7HA]& U4 7k A I3 (sulcus limitans)oll 7F7ko] $1x|$Hch(Fig. 3) (1).
F2]9] | Z 2o H|5}toq w2 A Z,\—Ei}(myelinaﬁon) &]o] FF MRI T2 329/ H(T2-weight-
ed image; ©|5F T2WI)ol|A] HAIZ3HS w2 4~ Q1= Eljot 9 AAJolel= &2 AdRloflA] MRI
2 HA A E ok A2 01 o} 12U heavily T2*-weighted spoiled gradient echo
7% Q1 multi-echo fast field echo (m-FFE), multiple echo data image combination (MEDIC),
multiple echo recombined gradient echo (MERGE) 5 4=%8H | F28-9] fzho| -golgh
MRI 7|95 ARESHH ZHA 0 2 =174 310] QX5 mhele 4 QUek(3). &35k @417 (abdu-
cent nerve, CN V)& A4 (facial colliculus)?t 22 E4 2 mofe] siishs 1253
A

W= Fidolr Fo XS wtefd = Rl HAG = Stk ofek o] AF el o]
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Fig. 2. The cranial nerve nuclei and fascicles in the brain stem at the level of the rostral midbrain (top left), caudal midbrain (top middle), ros-
tral pons (top right), caudal pons (bottom left), rostral medulla (bottom middle), and caudal medulla (bottom right).

CP tracts CN i

4‘
M\ Mesencephalic ST tract

RF Lateral CP tract

CS&CB
RN SCP tract
CRIACts  ecussation Ventral
\ Ventral ‘

Ventral J WLE ST tract
TT tract MLF W nucleus Dorsal Vnucleus
MGN ) TT tract (sensory)
Ventral lllnucleus Periaqueductal Pontine V nucleus
grey matter
ST tract . RF (motor)
Lateral Periaqueductal V nucleus Vnucl
Dorsal Vnucleus CNIV Cuneiform nucleus ~ MLF P
TTtract  (mesencephalic) nucleus Paramedian raphe

Pontine VI Cs&cB Inferiorolivary  Pyramidal tract Pyramidal tract CN Xl
RF ML tract nucleus Lateral vestibulo- *
| > spinal tract
Lateg!fvetntral &ﬂ' CPtract | ateral vestibulo- < y Nucleus S’; tracts — ‘ '
= ,/ Jiv 2 Vil spinal tract n Ambiguus N s O\ Medial vestibulo-
= ',,‘ % = V||| CN Xi Wa Accessory -2 spinal tract
AN O\ = 7 ST tracts olivary nucle ”1.’\‘,\"“ Xl nucleus
O O
RS HE

VIl motor
nucleus
ICP

Spinal trigeminal
nucleus / tract | |
i Spinal trigemina
(restiform body) ‘, ﬁucleusg/tract

S

WOXO)
VIl nucleus. i g-‘»\‘-’
h VI nucleus & Solitary . 7
(cochlear) surrounding PPRF nucleus / tract Cuneate nuclei
Vil nucleus  Ventral & / &fasciculus : Solitary nucleus
(vestibular) TT tract Vestibular Xl nucleus Dorsal motor Gracile nucleus Y

nucleus nucleus (X) &fasciculus

CB = corticobulbar, CP = corticopontine, CS = corticospinal, IC = inferior colliculus, ICP = inferior cerebellar peduncle, LL = lateral lemniscus,
MGN = medial geniculate nucleus, ML = medial lemniscus, MLF = medial longitudinal fasciculus, MCP = middle cerebellar peduncle, PPRF =
paramedian pontine reticular formation, RF = reticular formation, RN = red nucleus, SC = superior colliculus, SCP = superior cerebellar pedun-
cle, SN = substantia nigra, ST = spinothalamic, TT = trigeminothalamic

of21e H41745le] 91212 MRIZ 245}2]% 1417 7 2o] that sjebd 2 Alo] Warolt,

AMZACHE 1 (Fascicular Segment)

A7 oh A7 St 422 (cerebral cistern) AFe]Q] 7ol 9{X]3F 417 BHnerve tract)S
AAE=H(Fig. 2). A4 (trochlear nerve, CN IV)2 A QJ5H LE HA 7L S=of )25 H7H
sjozRE Aghdo] grog vt 22 dshs W, ExpAIH-2 =7t jidiEe] 9]x)g
& o 2R A7rhto] HE o2 uel sh(inferior colliculus) 2]8H-2] /4= (superior med-
ullary velum)oilA] xKdecussation) &+ &, F%H=] 2] Tro|A] F1e| F=9]4=% (ambient cis-
tern)2 21 Y3HH3-5). QFH A (facial nerve, CN VIS 252 gdsh= 25240 Zzta) 2
WA 71%5E FEshe S7H1H (nervus intermedius) o2 FAJHLE S5 AIH o)A 7195
AL O] WA the HE o2 Fofl Zale] o QXN HS Eof A7 % 43 (spi-

nal trigeminal nucleus)2] W0 2 F3J5h=t] |44l (fourth ventricle)2] BF=F H-2of| A 2]

N

¢

-

HASH b 524 mope] QAT S FAatet.

=
2 a3 e QhalZe) ATk molA] et Sz 9Jsly] Kol vl Solsh
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Fig. 3. The cranial nerves in the brain stem.

A. The longitudinal arrangement of the cranial nerve nuclei in the brain stem according to their functional
types.

B. Surface anatomy of the cranial nerve attachments to the brain stem.

GSA = general somatic afferent, (G)SE = (general) somatic efferent, GVA = general visceral afferent, GVE =
general visceral efferent, SSA = special somatic afferent, SVA = special visceral afferent, SVE = special visceral
efferent
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parenchymal) 4 2& F3sicprt 22 ZUSHY AS+= o] 3+ (transition zone; ©]5} TZ)2} Hf
Eol sl el A TET R (root exit zone) S T3dsh= W S QAR &3] o] Hej=
Aol Z]eket WA WA E (oligodendrocyte)oll A 725t
7HAe ATk JdElo} Qlof Ptof ol ol oF
facial spasm)e] 2 F-9|=2 d2i#] UcHFig. 4) (7-9).
w4178 o7 A 2 MRIZ A ehE A& washs 212 oAt 428k Hrx20)
o] 80|t heavily T2*weighted spoiled gradient echo 7| §-& Ar&ato] ZFdZ 0= 4l
e 21215 F5 4 Ak(Fig. 5). HA G ehol {wio] A7 T2 g dolut AlAdef
24 8] 2 (fluid attenuated inversion recovery; FLAIR) /4ol A o] 2748 #Haat 4= 9lom
TF 29574 T dol =ol HrhFig. 6). BEMIHAF 2hxte] -9 HANTG ] NG TE
E£3] ASQ] A E UL thS 4379 (cisternal segment)ollA] A e 2p7| 3 H 4229 E
(magnetic resonance cisternography; ©|5 MRC)2}F -2 41 (three-dimensional; ©]5} 3D)
7|% 9] heavily T2WIE o|-85t0] =279 2] QHHAAIZ 1} i 3fobA| AR H (oblique coronal
plane) 2.2 Ali7+d /ol 717 2 T Eth(Fig. 4). A7, S, AR (trigeminal
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Fig. 4. Anatomy of the root exit zone of the CN VII.

A, B. A schematic drawing (A) and corresponding oblique coronal MRC (B) demonstrate the subdivisions of the root exit zone of the CN VII.
The ASis a relatively long segment that tightly adheres to the ventral surface of the pons before the nerve emerges into the prepontine cistern
at the RDP. The TZ is a short segment where the central myelin transitions into the peripheral myelin. Image reformation is obtained in the
oblique coronal plane with the plane parallel to the CN VIl on axial MRC, as shown in the inset in B.

AS = attached segment, CP = cisternal portion, MRC = magnetic resonance cisternography, RDP = root detachment point, RExP = root exit
point, TZ =transition zone

(A)

Fig. 5. Contiguous three-dimensional axial multiple-echo data image combination images at the level of
the facial colliculus demonstrate a linear hypointense structure (arrows) in the pontine tegmentum along
the presumed course of the CN VI. The left image is higher than the right one.

nerve, CN V) 5 Al7dthdo] 2 W7ol A9, A x2olM tehhes & 4k k|54

(diffusion anisotropy)< Et= 7R 24t g (diffusion tensor imaging; ©1s} DTT) 7
He o]-&sto] HxA] yle] ks e 4 ItH(10-12). ey, tiF-2e] HAl72 ATk
2o A7]7} Zto DTIOIA = &5k 914 #7go] ofFrh(4). DTI= ¥ Algride] ¥k

-85t 2] %= (color map)Ht BlEI 2| = (vector map) 5= THE 4~ Q1.om TS ShAke

o

32 B o2 417 =g weh A4 RS54 = (tractography) & THE 4+ UTH(13).

|t
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il
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Fig. 6. A 60-year-old woman with
symptomatic trigeminal neuralgia.
The axial contrast-enhanced T1-
weighted image shows abnormal en-
hancement along the fascicular and
cisternal segments of the left CN V (ar-
rows). The end point of the enhance-
ment is the presumed site of the spi-
nal trigeminal nucleus and tract (open
arrow).

X% (Cisternal Segment)
$Z279L H7He Wit HAl7o] 124l (cerebrospinal fluid) 37H) fZ2ZRE] Ut
(dura)7HA] F3sh= Fita 947 %E} Aedt PR n7 A 2 e HAAL HTht 7}

7HE 2ol oieket dolof A& (/)T (root exit/entry zone; ©|5t REZ)E 7HA|=H,
o] REZell= HA| A 3Eof| A ‘I'I"EH“:S_]- S 23R FAH FFAIA o] 7R (Schwann
cell)ol|l A aligh 24 =% 3}(peripheral myelination)2 F/4J%¥ Y FEAZHO 2 o] &=T7

7} EAScHFig. 4) (13, 14). D54 202 TZ+= 27 S (trigeminal neuralgia), HEQMH7E™,
A R1IF 41735 (glossopharyngeal neuralgia) 5 4174 &#ErE- 9w (neurovascular compres-
sion syndrome)oijA] Etof| of5tof w417 Ol e }ﬂ% S B2 dHA Jth(14-16). =
o] HAE 2 FF st obd of2] Al A7d2e] FElS ERITH3, 4).

SO L] 2L th| Z(cerebral peduncle)—J UAol|A |7k Hloju} ZEk= (inter-
peduncular cistern)= U3t 417 0] sfjH A 95(cavernous sinus)2] FHoj| l 2= RES 0
E20HFig. 7A). £20A FHAH2 il (posterior cerebral artery)d} /A5 (supe-
rior cerebellar artery) Atolol] x|t tf gk&o 2 Z18)sto] S5 (posterior commu-
nicating artery)2] sFgoll Y %514 HrHFig. 7B) (2, 3). Ful5-5e] Wl F= 53] 5auH|E
SHISE 5947 uH] (pupil-involving oculomotor nerve paralysis)E ©F7|sH=tl, 1 o|f-=
Edinger-Westphal 81 0 2 2] -l 57 o] 2uztil 7o) 59tal7d o] viuiS(dorsomedi-
al) 7FgAtefell fxI5te] Qlo] 2 &, oflE, B E 0 & fohs Fulsa o] 59l o5t
o ﬁﬂl FErE] 7] wiZo|thFig. 7C) (2).

=5 Hie} Zo] FapAl g2 HRte] vith& o 2 RE| fRo & Fof L2 Altfdo] w1t
EHL} &0 &2 AT eEE A dHA-R-R(free edge of tentorium)ol] =G5 & T
Zkg Fot Y02 R1gsto] s 50| SH7HA| F3eks AR HAA & 2799 24
o7k 7V A, A Eot 7H GiTH(Fig. 7D) (5, 17). ©] F-eloflA B2 F9rAl gt k)
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Fig. 7. The cranial nerves in the cisternal segment on magnetic resonance cisterography.

A. The CN IIl extends anterolaterally, coursing medial to the uncus in the interpeduncular cistern (arrows).

B. In the interpeduncular cistern, the CN Il (open arrow) passes between the PCA (black arrow) above and superior cerebellar artery (white
arrow) below.

C. In a patient with pupil-involving CN IlI palsy, the left CN Ill (open arrow) is compressed by an aneurysm in the ipsilateral p-COM (arrow) di-
rected posterolaterally. Because the parasympathetic fibers run along the superficial superomedial aspect of the CN IIl, they are more suscep-
tible to extrinsic compression, such as aneurysms and tumors.

D. The right CN IV (arrow) travels within the ambient cistern after leaving the contralateral brain stem nucleus posteriorly through the superior
medullary velum (open arrow). The left CN IV is seen in the ambient cistern more distally, entering the trochlear cistern (arrowhead) just be-
neath the tentorial edge.

E. After emerging from the lateral pons, the CN V (white arrow) runs anterosuperiorly through the prepontine cistern and enters the Meckel’s
cave (open arrow), thus becoming the dural cave segment of the CN V.

F. Within the prepontine cistern, the motor roots of the CN V (open arrows) can be seen as separate smaller structures, one to three in number,
usually superior and medial to a larger sensory root (white arrows).

p-COM = posterior communicating artery, PCA = posterior cerebral artery

ARFAIA 9] _/Fi_—rm_‘ﬂ% jl_l-.:] Z7H20] 9lAs Lqu Al7go] =] ul4=Z(prepontine cistern)=

x) ‘g0l vlZ7ZH(Meckel’s cave) 2ol SRl o]2& RES

ChFig. 7E). M4z tollM Al el @54 &3] 2ol UiS drdols 42
Aget Bejd 1xEs ngqmg7ﬂ5m>

ﬂ@ﬂ%(abducent nerve, CN VI)2] 5= 0—1% Ax]- A AR (ponto-medullary junc-

tion)ell 4] #1ke] RS Wit Ao] w2 RE 9502 Fgstol Atdl(clivus) Z2tel
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Fig. 7. The cranial nerves in the cisternal segment on magnetic resonance cisterography.

G, H. After emerging from the anterior aspect of the pontomedullary junction, the CN VI (black arrow in G, white arrow in H) runs anterosuper-
olaterally through the prepontine cistern until it reaches the back of the clivus. Note the dural cave segment of the CN VI (open arrow) where
the nerve is surrounded by the CSF within the inner layer of the dura. The arrowhead in H indicates the interdural segment of the CN VI, where
the nerve is housed in the petroclival venous plexus.

I. The CN VII (arrow) and CN VIII (arrowhead) run parallel, high in the cerebellopontine angle cistern. The nervus intermedius (open arrow),
which carries the sensory and parasympathetic fibers, passes between them before merging into the CN VII.

J. After emerging from the postolivary sulcus of the upper medulla, the CN IX (arrow) travels in the perimedullary cistern before entering a slit-
like dural cave, which is the so-called recess for the CN IX (open arrow).

K. The CN X (arrow) travels in the perimedullary cistern below the CN IX.

L. The bulbar part of the CN XI (arrow) travels in the perimedullary cistern just below the CN X before entering a broader dural cave, which is
the so-called recess for the CN X/CN Xl complex (open arrow).

M. In the oblique reformatted coronal image, after emerging from the postolivary sulcus of the medulla oblongata, the CN IX (black arrow), CN X
(arrowhead), and bulbar part of the CN XI (white arrow) are seen as parallel structures, running through the perimedullary cistern before
reaching the jugular foramen. Note the spinal part of the CN XI (open arrow), which ascends in the spinal canal and joins the bulbar partin the
perimedullary cistern just before entering the jugular foramen.

N. After emerging from the preolivary sulcus of the medulla oblongata, the CN XII (arrows) travels in the perimedullary cistern before entering
the hypoglossal canal. Note the CN Xl in the dural cave (open arrow), surrounded by the CSF inside the hypoglossal canal.

CSF = cerebrospinal fluid
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Cifstel Aol T] 202081(3):501-529 cH "?_l' Oél )\o|'2| "5;!'i| x|
o] o] 2= F2o|tKFig. 7G, H).

QFHAI A1} 7 k2417 (vesticulocochlear nerve, CN VIII)Q] 4%719-2 Ujo] = (internal
auditory canal)7} X}x|5H= ZukEoda}t 5UgE Lojo|x|uk thE H Ao A.85F Biof u}
2} o] oM s 2 ButES FEoto] 7]estalat gtk oFHAA 9] Ao
Shi ] o] 5.9]=(ventrolateral) © 2 E] Ak 022 (cerebellopontine angle cistern)= L
QA o] b A3t Lpaks] Wiol = )59l Wjo]g(porus acousticus)ol] o] 2= L2
2, QAN AL @B AT} s 7| 7] A A mzbRL Ujo] Zof|A] Qi Al )
B3 G peA17 Atolof] x|eHk(Fig. 7I) (19).

2¥7} 7243t WP 2he Gdshs 2k9-AlF (cochlear nerve)dt A& A17 (vestibular nerve) 2
QN Ak AIF 9 $2AYL WH-ALAHAR H7He| Fo|S0 2 RE
w w2 ZYe AL o] Ylo]Fol o] 2= FgS Wk, Al wzhzoA ek
782 QHAAIA o FZo 3o g stk (Fig. 71).

491117 (glossopharyngeal nerve, CN IX), 0]5417 (vagus nerve, CN X), F7H A7 =2
oA HI=RE 8 F2E 7T £, o] 3719] A1 52 B Ao 28| B8 (postolivary
sulcus)ollA =ZHS wut AJshA|o) WY F2E fAISHHA 9|5 oz ApFouex
(perimedullary cistern)E F=345t0] AW (jugular foramen) 2.2 E017ICHFig. 7]-M). o]<}
ClEo], Al F-A57452] H43lo|A 7|45k HFRAA 2252 2[oleld(dentate hga-
ment)9] FZEoA 45wt oA Fo 2 z¥ste] thg(foramen magnum)< At

AR 520 Q)5 of|A —:—7H¥’d7§4 LA FAE 0 = 2YSHH(Fig. 7M) (1, 6).

57 e] 452792 Aol 8B preolivary sulcus)ollA] o12] 7] Ml (rootlet)
FHIE =7 Wt A7 o] ATl ezl FeiA +29 HejEe 3 & Hdehildd
(hypoglossal canal) 22 219Jat w7}z 9] 17+ wakch(Fig. 7N).

29 HA172 MRCe o] AL T 9] HAA o] F9]2] 1A S =] 2] 4=l }
A3 tiH] 2 o] = A= (3D) 718 2] heavily T2WIo|A] & 2T MRI Al ZA ol what =
4 o2 G710 AREE=T, tiEA ]l 71 0 2= FE Aol F (fast spin echo; ©]5} FSE)

|

r

£ 7|¥kCe & Sh= driven equilibrium radiofrequency reset pulse (DRIVE), fast recovery fast
spin-echo (FRFSE), T2 volumetric Isotropic turbo spin echo acquisition (VISTA), T2 sam-
pling perfection with application-optimized contrasts by using different flip angle evolu-
tions (SPACE), T2 CUBE 5-2] A28t 3478 7]0l| 5 (fast gradient echo; ©]5} FGE)E 7]8F
O 2 4= balanced fast field echo (°8F bFFE), constructive interference in steady state (°]
St CISS), fast imaging employing steady state acquisition (°|5} FIESTA) 5] AlEA7} Qlct
(3-6, 20).

Z9=7% (Dural Cave Segment)

AutE 2 et Aukatol e (interdural segment) Ato]ol] Y x|eh FHO & | H 4
oS E2|u= An]2(arachnoid membrane)?] YH7} 78 UZ2] oFZ0 2 EZ35lo] AY7)=
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JZtolt}, o] o= HAIFHE R 42419 0 2 HE Y&l = th3h 9] HZ 4 o] EAfiehe
tll, o] 7+ <] doje} 27]= 7HQIE 2 vhefstet. a9 9] Y5 porusehal FHH(4).
S AutE e 2799 FHIA Ol S 52] /RS wet /&7 (ante-

rior clinoid process) P4 AHEoll AU w7k 9] 95 Eoh, o] F9]o] FeMIF S

St HHe37he SO 42 (oculomotor cistern)2hal SHCHFigs. 7A, 8A). ARFH o2

MRI ZAFlIA 759% 74 &= FH2HEITha 27 Qlek2l, 22).

o 1 T

7o) Aubzared e sz podol A HakA-GH AL free tentorial edge)e] sHEHNS what
Fo 2 st Faprl o] ek 11 F 344/ 45 7]5- 2 (posterior petroclinoid fold)S &3}
of s F o= AT |7HA| 9] 7S Lot QM1 nR7 kA & o] Fol= EAfA A4
Z(trochlear cistern)2} £ 2= = Z4=olg7to] S-S Skl QITkFigs. 7D, 8B). o] &=t
Al

7435 MRI AAIA 50%2] W12 e chal SHeh(23).

Aar1 74 9] ZgutEe 2 slRskA o 2 wA 7ol Q]S WS A o] Aol A i
AN
B

=}
#40lg et 5 o] 4o of2ofx] Qi o 2ol S| K HEATIS AR

C

Z(trigeminal cistern)2kal s o] 4230 ZEHRof| AFxbAl A (trigeminal ganglion, gasseri-

an ganglion)©] {1%3CHFigs. 7E, 8C) (24). Al Aol A= Al 9] AR5 Tl Al

—(-’SB’TMPS@)E ol &m, A7) A= ARG A T EFoA Al A REe o
= HZAZ oA A1 o] shell fIX]RITH3, 25).

QAN ] At M upx 2 HE QA7 o] Ato] FHZoll A Ut uiHE FaL 5
AFAZd 95 (petroclival venous plexus)©] Y1x[t =FAt] 41 (interdural segment) 2 & %1%
Sh= 2ol A 429] HH o] HNA S FHIshE 02 o] 1192 MRI ZAtel
A 77%2] Rl &2 IEE T SHoH(Fig. 7G) (26).

&gt vt o] QFHAIZ I 27k AI 9] Artata2 279 HH 4ol Ujoj=2

A7 Z7o 2 yjo] o 2K e o] =4(fundus of internal auditory canal)e]l o] 2= 1<
U=t} Wo]-3(porus acousticus) Zx]ollA A AI L A} YA F o7 Bag]

2
£, A= ThA] 91Zof| 92]5H 47417 (superior vestibular nerve)x} of2iZof| ?—]ﬂ?} 5}
A7 417 (inferior vestibular nerve) 2 & L+=0]XItt. Ljo]-g- Ujol|A] QFHAIZH 3} 247 oF-9-4
o £ 2] BAE fAsH=H] QP o] Z/H-E A8k, eke-4l7go] Mk, ’E}Zﬂ
Aol 32, TLe)ar sp Al o] FablrE 2RI @tk (Figs. 71, 8D, 8E). 22k 2l 417
A Z H7tol| ofsh= WA (spiral ganglion)o] Wjo] 12591 2k2-Z(cochlear modio-
lus)oll fIx|sh= ¥HA, g gH2tol ook A7F2 a4l 784 (Scarpa ganglion) ZRH=—% Q]
o] x4 A o] Aol 242 =7] el = EAeHh(Fig. 8D) (3). Wlol =4 25 ot ui=
o= shdPg A7 e 2 RE] BX|E| o] SR (posterior semicircular canal) 2.2 o= ¥y

2

F_

F

3 (posterior ampullary nerve, singular nerve)< & 4= Sltt.

42003} Dl R AN, 0247, HAe) Akl oA ulse 1Rl ARg
ROt} 2, o] WAIAES Asrelulez R Aot ye £3 A4ogo) 928 Huttol
oo AYsHer, of Aol AsFelulsro] WHsolo] YRS FuE 4 9lon]

-
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Fig. 8. The cranial nerves in the dural cave segment.

A. Axial MRC demonstrates the dural cave segment of the CN IIl, the so-called oculomotor cistern (arrow), which extends from the interpedun-
cular cistern to the superolateral aspect of the cavernous sinus.

B. Reformatted sagittal MRC demonstrates the dural cave segment of the CN 1V, the so-called trochlear cistern (open arrow), which is located
inferior to the oculomotor cistern (arrowhead) and superior to the Meckel’s cave. Refer to the image in Fig. 7D.

C. The reformatted sagittal contrast-enhanced T1-weighted image shows enhancement of the C-shaped Gasserian ganglion (open arrow)
within the Meckel’s cave (arrow).

D. Axial MRC at the lower level of the IAC shows the cochlear branch of the CN VIII (arrow), which is located anterior to the inferior vestibular
branch (thick arrow) of the CN VIII. There is a tiny nodular thickening on the vestibular nerve near the IAC fundus, corresponding to the pre-
sumed site of the Scarpa’s ganglion (arrowhead). The open arrow indicates the CN VII.

E. Reformatted oblique sagittal MRC through the fundus of the IAC demonstrates four divisions of the CN VIl and CN VIl with the CN VIl antero-
superiorly (open arrow), cochlear branch of the CN VIl anteroinferiorly (arrow), and superior (dashed arrow) and inferior (thick arrow) vestibu-
lar branches of the CN VIII posterosuperioly and posteroinferiorly, respectively. Note the basal turn of the cochlea (*), lying anterior to the IAC.
F. Reformatted oblique sagittal MRC at the level of the jugular foramen shows two recesses for the lower cranial nerves. The upper recess con-
tains the CN IX (arrow) while the lower recess includes the CN X (dashed arrow) and bulbar (thick arrow) and spinal (open arrow) parts of the
CNXI.

Ant = anterior, IAC = internal auditory canal, MRC = magnetic resonance angiography
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T3} 7] 2 k2 ed o) 1A MRCeF Zho] F4amo)R E %@7]%71011
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ZFAO| 7 (Interdural Segment)
ZgutAto] 2 4l o] Zute] 233} Uis: Atol9] 33ts Safshe oot Z1E(peri-

osteal layer)o|2}t E2l= 4o 252 F7i= UHel £0f 3o F7i=

F7l&(foramen) g £3to] F7H&9] &2 outer periosteum)¥} AZAH T} =2 (meningeal

layer)ol2t &2l el W32 o et @l&a} ghghot glo] Qv o & Huto] 31t o]

= A]—o =g 235} %7& %}«O] %l-xﬁz o] Z7hat %XHOH:]- 1&11,]— 7&4)1: %o]l,} z%qu?so] Hichs)

L r O

=)
oMl g oz Zgute] o ut ue Atolof] Yol ofgh §e FutatolgitE & 4= /1o
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(ophthalmic nerve, CN V3), %42}417 (maxillary nerve, CN Vo), 2|47 5 of2] =21 7o] F3)
SHCh(3, 4, 22, 28).
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o EAgtct. o] F FtA 0] 7P Aol YIA|SIAL 11 ofeol] AT = ERFAIF, M, e
Aol fIx|sk=t(Fig. 94), BAFi17d2 43<tetd (superior orbital fissure) 2]0llA] 59417
o] oIS EfIl oMl 9] S/l YxIsHAl Hrh(Fig. 9B) (3). £1HAI7-2 CN VIQ] HZollA]
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Eeh= XA HE HAE SR G0 2 ARSI = SHTH22).
Zgutato] 9] 4172 s MG o Lt AR Z} o] RS AgHd U] EA)5h]
2ol 2PA| F & =S FGEW FSE 7'M 3D T1 4Z9/4(T1-weighted image; ©|3t
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TIWDoIH #1715
CE-MRA)oIN 29345 = A ooz 2FSHEA @= & (filling defect) &
Blo] HA7FS & et 4 QIok(Fig. 9A-D) (3, 29). tEA Q1 3D FGE TIWI 7|22+ bal-
anced turbo field echo (bTFE), magnetization-prepared rapid gradient echo (MPRAGE), fast

Tx < (contrast-enhanced magnetic resonance angiography; ©|st
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spoiled gradient echo (FSPGR), T1-weighted high resolution isotropic volume examination
(THRIVE), volumetric interpolated breath-hold examination (VIBE) 5-°] ATH3). =8 T2/T1
Zroll A= w0} thZE = (contrast)”} A7 == bFFE, CISS, FIESTAQ} 22 A A-g-Al 2t

Fig. 9. The cranial nerves in the interdural segment.

A. The reformatted coronal contrast-enhanced T1-weighted image through the CS shows the CN il (arrow), CN IV
(dashed arrow), ophthalmic division of the CN V (thick arrow), maxillary division of the CN V (open arrow), and
CN VI (crossed arrow). The nerves are seen as non-enhancing filling defects surrounded by well-enhancing ve-
nous blood within the cavernous sinus. Among the cranial nerves, the CN VI is the only one that traverses the
central venous compartment of the CS while the other nerves run in the fibrous lateral wall. *Indicates the inter-
nal carotid artery.

B. The reformatted coronal contrast-enhanced T1-weighted image through the superior orbital fissure
shows the CN IV (arrow) above and lateral to the CN IIl (open arrow).

C. The axial contrast-enhanced T1-weighted image through the CS shows the CN VI (arrows) within the pet-
roclival venous plexus (*) and CS as a non-enhancing long tubular filling defect.

D. The reformatted sagittal contrast-enhanced T1-weighted image through the CS shows the CN VI (arrow)
within Dorello’s canal as a non-enhancing tubular filling defect just above the petrous apex (*). The open ar-
row indicates the petroclival venous plexus.

E. The reformatted coronal contrast-enhanced con-
structive interference in steady-state image through
the CS shows the CN Il (arrow), ophthalmic division
of the CN V (thick arrow), maxillary division of the CN V
(open arrow), and CN VI (crossed arrow) as non-en-
hancing filling defects surrounded by well-enhanc-
ing venous blood within the CS.

CS = cavenous sinus
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Fig. 10. The cranial nerves in the foraminal segment.

A. A schematic drawing of the cranial nerves in the SOF. While the nasociliary nerve, a branch of the oph-
thalmic division of the CN'V, CN IIl, and CN VI enter the SOF through the AZ into the intraconal space of the
orbit, the FN, LN, which are also branches of the ophthalmic division of the CN V, and CN IV enter the extra-
conal space of the orbit above the AZ.

AZ =annulus of Zinn, CN lllip = inferior division of the oculomotor nerve, CN Illsp = superior division of the oc-
ulomotor nerve, FN = frontal nerve, IOF = inferior orbital fissure, ION = infraorbital nerve, IOV = inferior oph-
thalmic vein, LN = lacrimal nerve, OA = ophthalmic artery, OC = optic canal, SOF = superior orbital fissure,
SOV = superior ophthalmic vein, ZN = zygomatic nerve

®

ocC

OA
NCN

CN il

(steady-state free precession; ©]5} SSFP) 7|H = T2WIolAlet 22 TZ 7= JA= 53t
7 TIWICI M eF 22 2954 a3t Qlof efAtol 7+ 9] HAH e Hash=d] vhe- -85}
ChFig. 9E) (4, 22, 28, 30).

FIH3 7Y (Foraminal Segment)
AReteAld S At BE HAEE2 T4 ol fxeh F7l8= F5to] F71 5fo = F8ys}
Lo, o] 7ol HA17e) wohgTeloleka ek st i 47He] walo) thaket 917)o)

s
N5 SR #7182 Fue] 29So2 S2Me] flom, theE S7et HoEo] HAld

—]ﬂ
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Fig. 10. The cranial nerves in the foraminal segment.

B-F. Axial CE-T1WI, B. Image through cavenous sinus shows the CN III (arrow) entering the orbit through the
SOF (thick arrow). The open arrow indicates the inferior division of the CN 111

C. Image through the superior orbital fissure shows the CN IV (open arrow) lying lateral to the CN Il (arrow)
before entering the orbit.

D. The maxillary division of the CN V within the foramen rotundum (arrow) to reach the upper portion of the
pterygopalatine fossa (*).

E. The mandibular division of the CN V within the foramen ovale (arrows) surrounded by the venous plexus.
F. Normal enhancement at the geniculate and tympanic segments of the CN VI (arrow) due to the abundant
circumneural arteriovenous plexus. Note the normal enhancement along the greater superficial petrosal
nerve on the left (open arrow).
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spine)T} = ch (jugular ligament)ol] 40}011 AUSe] 22 2175 (pars nervosa)2t &
=9 Z Py (pars vascularis) = F-2HTHFig. 10G). Y¥H4 =
A79-5-(inferior petrosal sinus)o] xskaL, @¥kiol= B4, n|FA7, BAI, S vk

(posterior meningeal artery)°] /x|SH=t]| o] 2ol &= thefet s Fata] Blo]7} EATTH(Fig.

do1A17-2 747l gofl A 4417 (superior ganglion)¥}t 5H4173 4 (inferior ganglion) 5 271
S AHHE 7T o] F sHAFH 2R E] IR A]Q] oFF<&417 (Jacobson nerve)©] 7| AlSHCt.
OFF&AlA S st A (inferior tympanic canaliculus)S 53t 21419] -3t (cochlear
promontory)oilA] AI4E o] FH, o] Fu7] “\176‘ ARl 43417 (lesser petrosal nerve)S
5oto] #4174 (otic ganglion)= A2 & o|7i5FA17 (auriculotemporal nerve)& &5t
o]5}4d (parotid gland) 2] B}l HH] = %%5_}‘1}

0| ZAI A 3 AL AR e o) A 22 7ubz] (dural sheath)S 285 A& Sx|=]o] Qlo]
TEo] ¢A] &Tk(35, 36). AJAA T} s AR BlFAIB e A, oF Fo1e] A 7=t
AL gl flx|ehe ¥, 514174 (nodose ganglion)2 73 WE-2] ZsHto] 9]
She}, Al 74 d 22 e ] (meningeal branch)?t oHs =417 (Arnold nerve)ol2t 2=

o|7§&A] (auricular branch)7} 24| Ht}, oRs =AY 720 2 B E] -§-=FHmastoid can-

aliculus)& E3lo] QHRAI70) S5 30k AAE|of nufelZ} 9jo], olo| =] 72he T
BN e ApFelusro) oS RolN FARAZT HERAZ0] T vz st
%

NBE Ao r 2434 & MRMW *26} 1733 A5 4 20% =R XAkl Shok(Fig.
101) (31).

Zatatol Lol et np7 kA 2 SR g o) HAlA L FRSE AME S v o R 2 &=
] & P53 3D CETIWI, CE-MRA, CE-SSFP 7|9 0 2 thofst Frig W] WA 74e & whast
4= Th3, 4, 22, 35).

FHS5t -_rl (Extraforaminal Segment)

27158 Bolod Bl go® e LRSS Fue A4EAE Hat 2IHo = 47 4
Hlsts PRES o) Faskon], Y] Aol Yot tirie] WAL EoEelolA
2% BH2|o] £k Fot lofet Bao] AR SH3THE, 4)

Aeletelol q Afs} 5 BA2 Lheoldl 3 HHNENES 53] Qlote] g

of

o Sofzh

i

https://doi.org/10.3348/jksr.2020.81.3.501 519



SN ER LTI cH ﬁ_l' Oél )\o|-2| t,l'il x|

SO 9] A A= A& E(superior rectus muscle)¥t A9 7 (levator palpebrae superi-
oris)2 AJui5ta, HEA]= WA Z(medial rectus muscle), F2Z(inferior rectus muscle), 5}
At (inferior oblique muscle)g Auigtc}, S SHEA| = B YA A A (ciliary ganglion)S 5
5o Qbtol] Huz /& AEsit

FRtetholl A AR ZHF] HZE: Q1FofA] Qtelo] fFelg7to 2 XYt &AL U=
O 2 gFsto] AFARE(superior oblique muscle)= A|HSHC},

FRtetdol A Lhd k] Al B2 & HFAIZG2 Qheke] eFela k] e AUA W

Fig. 10. The cranial nerves in the foraminal segment.

G. A schematic drawing of the jugular foramen. The jugular foramen is divided into two parts by the jugular
spine (*) and jugular ligament. The pars nervosa, which is smaller and located anteromedially, contains the
CN IX and IPS. The larger pars vascularis is located posterolaterally and contains the CN X, CN XI, IJV, and
PMA. From the inferior ganglion of the CN IX arises the JN, which forms the neural plexus on the cochlear
promontory through the inferior tympanic canaliculus. From the superior ganglion of the CN X arises the
AN, which is connected to the mastoid segment of the CN VII through the mastoid canaliculus.

AN = Arnold nerve, ICA = internal ca-
rotid artery, IJV =internal jugular vein,
IPS = inferior petrosal sinus, JN = Ja-
cobson nerve, PMA = posterior men-
ingeal artery

H. The axial contrast-enhanced T1-weighted image through the jugular foramen shows the CN IX (arrow),
which is located anteriorly in the pars nervosa, CN X (open arrow), and bulbar part of the CN XI (dashed ar-
row), which are located posteriorly in the pars vascularis, as multiple filling defects in the background of the
enhancing venous structures within the jugular foramen. The arrowhead indicates the jugular spine.

I. The axial contrast-enhanced T1-weighted image through the hypoglossal canal shows the CN XII (arrow),
which is seen as a non-enhancing tubular filling defect surrounded by the well-enhancing venous plexus.
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Z9] ExPdal7 (supratrochlear nerve) i} @]=-2] QFel 4173 (supraorbital nerve) F712] 24|
2 Wrold w7E, w4, olnh, Fu]9) 42k A[uligttt, FANAE HEAIA 9 ejSolA oket
9] Y5l F7te] RS A T 772 Auighet. otete] Fularte = IASE Bl A
A7 Qteke] AuiEo = Fafsto] QM9 -5 'dof RIAAIFAT] ulE=A] (commu-
nicating branch), A2 ¥417 (long ciliary nerve), %/FAR2417 (anterior/posterior eth-
moidal nerve), x}5}417 (infratrochlear nerve) 5 o8] 721742 —E'CZ]?_PE}(Fig. 11A). H| &2
YNNG ZFat, BIA|, A, A, 79 m R v 9 AlEsdute] ks AlHish, 5k
BAZGAR] R A 7S Foto] Fa-2ti(dilator pupillae)S Z[HiSHCH(, 31, 37).
FRtetholl M AR ZHES Sl Qeke] AFUFIRo R Softt oAl ¢heke] HejEo

2 FYslo] @) (lateral rectus muscle)S X] HH Stk

NP YIS Eote] ol Hte® T ol lekz Jste] o trial ) wEst
+ 97417 (pterygopalatine nerve), Jd“é—/g d(zygomatic nerve), /g% %417 (posterior su-
perior alveolar nerve)Z =A|3Hch(Fig. 11B). o] % /FetAl g2 1% J—‘l}oé (mfen'or orbital fissure)
S 535o] QketZ ZIQ)sto] QFelshil (infraorbital nerve) 22 © ote} viof| Ql= Qkeks}

“Hinfraorbital groove)E ket F8sh=t, Qteteil gL /%5 Pi] 2174 (anterior/middle su-
perior alveolar nerve)2 E|3t & ks (infraorbital foramen)2 5510 S7HFARZ Lo}
SRR Z U o7liehs bt A3 d =5 Soto] 571, okel, v 9 B|QlE 27 52
2 A=, o2t siata] EA4del 71Q “3P0:] Tl AR o dEde] 4175913 (peri-
neural tumor spread) 5 71 5 ®¥e] =70 Uf ahgoll F-a3 A3 Fh(3, 5, 6, 31).
Hee-S Boto] T §ho g LRt stebil e W/e]elE(medial/lateral pterygoid mus-
cle) Abo] 9] #2237 Hmasticator space) -2 Z1J5to] U]t o] E417 (medial ptery-
= AR S E AL e AT HE 2 7P7“J7§E}%P§ UroiZith iel=
A& A8z 2 7He] 215 U=t ol & S5to] 774 (tensor veli palatine muscle)
I} EREI% < (tensor tympani muscle)2 A[HiSHC} v‘i—%—/ﬂ%‘ thF2 2 Wi(masseter mus-
cle), &5 (temporalis muscle), 2] 2]-=(lateral pterygoid muscle) & #Z*(masticatory
muscle)& AlHlish= 2541752 whe] Huta uj i o] Z42k-5 A|Hlish= E417 (buccal nerve)©]
VA EHH, A PR RE o|7HEF417, 51417, skx| 2417 (inferior alveolar nerve) 5 Al
7ol AZ417 o] 24 Hrh(Fig. 11C) (3-5, 31, 37). oI7HEFA17 -2 217 ehde] AR A =
F2&= 217 ol ARt H&st viet o] QFHAI AdRIAI 7oA Fefist Ru /7t 4
AT HAFEE 7A ol NSFAIF 02 It o] oot o] Bfl FH| & Gdditt 0|7
FAIZGL FAF Soll A A5t = Zef 2 Lol E7he 252 (middle meningeal artery)S
2 N S oA gl ool UiSH Zhto] 3iEk & 9] 5 Ho] HE -5 (superfi-
cial temporal artery)@ W5 (internal maxillary artery) Q& A= 2]/ ollA] stet
SHFo] oshid o g2 XIQISttH(Fig. 11D). wte] Ao A o7§ S 541742 FHAIG T wEs
= o] 2 Zu|tot o|ZiSFAA ] A HI} bHAIZ o] H-RA|E Foto] wHol HEE

th. o] Qo &=, o7 S FAI S ok, FHH A3, Qlolke, H550] A2k TERt(s, 31,
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37, 38). 51417 JA| tiF-2 Aol SFatetellM BEugd il BAdf-E 7Hl= oAl

7 ] #] o]-3-2 2514174 (submandibular ganglion)2 53}
54l (sublingual gland)2} }5H4d (submandibular gland)2] EteY Eujoj| iz Hofsict, 341
A 2AFE-F oA SRR A1) SFEollA Qo)) StUiS AAIE WEt 4, ofeliE e5o 8
FsttrE Uil =23 stet=A](mandibular ramus) ARl A] 9FE, ofefiE W&o = XI3)sto]

stebd F(mylohyoid muscle)2] FUEoll A 71734 (floor of mouth)2 Z14SHHFig. 11E). ©]

o,

o]

_{

Fig. 11. The cranial nerves in the extraforaminal segment.

A. In a patient with neurofibromatosis type 1, 3D axial volume isotropic turbo spin-echo acquisition fluid-attenuated inversion recovery image
of the orbit demonstrates a tumorous enlargement of the nasociliary nerve (arrow). After arising from the ophthalmic division of the CN Vi,
the nasociliary nerve enters the intraconal space of the orbit and runs anteromedially crossing over the CN Il (arrowhead) to reach the medial
wall of the orbit. The tumor also involves the frontal nerve (open arrow) and CN Vi (dashed arrow).

B. The 3D axial DESS-WE image through the foramen rotundum demonstrates the maxillary division of the CN V, (arrow). The nerve enters the
pterygopalatine fossa, gives off a small connecting branch (long arrow) to the pterygopalatine ganglion (dashed arrow), and continues anteri-
orly as the infraorbital nerve (open arrow). Note the characteristic bayonet appearance of the CN V. through the inferior orbital fissure on the
right (arrowheads).

C. The 3D reformatted coronal DESS-WE image through the foramen ovale demonstrates the mandibular division of the CN V (open arrow).
The nerve enters the infratemporal fossa and gives off three sensory branches from its posterior bundle: the auriculotemporal nerve (arrow),
lingual nerve (dashed arrow), and inferior alveolar nerve (arrowhead).

D. The axial contrast-enhanced T1-weighted image demonstrates the auriculotemporal nerve (arrow) in the infratemporal fossa. After arising
from the first branch of the posterior bundle of the mandibular division of the CN V, it splits into two roots to encircle the middle meningeal
artery (open arrow).

E. The 3D axial DESS-WE image demonstrates the lingual nerve (dashed arrow) and inferior alveolar nerve (arrowhead). Both nerves run along
the inferomedial border of the LP with the lingual nerve more anterior to the inferior alveolar nerve.

3D = three-dimensional, DDSE-WE = double-echo steady-state with water excitation, LP = lateral pterygoid muscle, MP = medial pterygoid
muscle
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T AN HAFe e (hyoglossus muscle)2] ﬂéoﬂ/ﬁ olstA TS 7 st &
2
(o)

O
- =
ol 2k} Adshit %}@94 EM*—L%HI% g o@cus, 31, 37). kAl A AL i AHJ%OM,

of digastric muscle)J 575 = HER) o] A2 AREg oA 31417 ] FZol|A] 2]9
=29 sii= AAE EEJrE‘Jr ZF3Y5}o] o}i] Zz5 W (inferior alveolar ar‘[ery)l} 3

ramen)< 5510 Po*g i et djéﬂ%(mental nerve)©] QE}. S|z ’8753% Slefx]ote]
Z2tel Hofotal Bl EAIAL €] mjiel ofsideo] 742t EHRth(s, 31).

BHEs= 5ol SFZERE N o2 U2 QA2 Fo| 7l A] (posterior auric-
ular branch), o] 2% 22| (nerve to posterior belly of digastric muscle), 7/ 22 A]
(nerve to stylohyoid muscle) & Al 7§] A& W & 7/¢=7](styloid process)9] €]Z, o|&:
S5 YS5S wef FcE & o|stil ] HE wjulg £l oJstido® o2t o|aHd UlollA
QAL FHetE ] 9] FZof| A ZFFAZA| (temporofacial division)2t 7 QHHA7A] (cervi-
cofacial division)2] = &7]2 WroiA] 97523} QA (posterior facial vein)2] 2]Zo]
Ix|sto] Tt PEi 2 FAsh=t, YR oz HatolA S5 (temporal branch), T2

2|(zygomatic branch), &% X](buccal branch) 5 Al 7§2] B2|7} 7|Alstal, SALZHE] S5HotE
A|(mandibular branch)2} Z24] (cervical branch) 5 2712] £2]7} 7] A|5}0] ohH £8-9] 2%
< getth(Fig. 11F, G) (5, 31). oJshid2 ofshid Uioll 4] QhHAIZ ] S 7o = FA)
% (superficial lobe)¥} Al (deep lobe) 2.2 LFFoiAl=d] &7 o|5hAl Zfat ot Al 7o) 9
2| TAE ofeloh= 22 = Qg QFAAA o] /48 ofoh=tl P42 o|tH(Fig. 11H).

Ao 2R F/IE o g U AN, n|FA, RAIG T Aot F e 2 RE S
& o2 v dshilAde 2T 735 (carotid sheath) 2.2 XIS & ZH7ko] =5 {3t}
(Fig. 111). 14172 A& l A W75zt 7 m Atel & Au U s o] Aol 91%]

N7

St & Q1= (stylopharyngeus muscle) 2] 3HollA] A9l
geal branch)?} 745252 %] (carotid sinus branch)S Wo] 22} =01 +29o] 5753 7
5224 (carotid body)2t BE5HW-E2] FA7|5= ARt o] MRl e FrEd
(inferior/middle pharyngeal constrictor) Ato] S 550 QIF2 Q5] IFEX|(pharynge-
al branch), H=+#7](tonsillar branch), 3+2](lingual branch)E Wo] Q1= 77 H =] 7+
Ze Aulsi, 5 512 2 1/39] 0] 23 AR Yok, 5, 39).

nFAEL BE HAAE § SIS A2 7R R Al o= e o v RE 557t
A] oot St} FE el nlFAE 2 Ugs it FEH Atololl A U5 o] S wet
ol 2 FaYsto] 2t5ollM= e (aortic arch)o] 1Y, ¢-SollM= =5Hs(subclavian
artery)] 2ol @]x]shH, o] % 1 of2fE FH oAM= 3‘}—?94 Al7go] A= o] oFdoj| —?—li]é}ﬂl =l
o}, SPAIAE REE =HAIH X IF2A19 455417 (superior laryngeal nerve)s +4]

oll
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HLFZ T, Qe R A= BEQF S AlQfeh QlFet Al BE 282
5o AHISH JEFAIE L ShIFeF S59] 22 |@dhe UliEAl(internal branch) @t 51<1
FZ(inferior pharyngeal constrictor)d} 8372 (cricothyroid muscle)] 5= Z|ul
Sh= @A (external branch)2 LA™ WEA]= 1A Z9Hthyrohyoid membrane)2] /<]

Fig. 11. The cranial nerves in the extraforaminal segment.

F, G. The 3D reformatted sagittal DESS-WE images through the parotid gland demonstrate the CN VIl in the
mastoid facial canal (arrow in F) and parotid gland (open arrow in F). After leaving the temporal bone
through the stylomastoid foramen (arrowhead in F), the nerve enters the parotid gland and gives off the up-
per temporofacial (thick arrow in G) and lower cervicofacial (thin arrow in G) divisions. F is more medial to G.
H. The 3D axial DESS-WE image through the parotid gland demonstrates a poorly defined mass (M) in the right
parotid gland. The temporofacial division of the CN VII (arrows) runs along the lateral border of the mass, rep-
resenting that the tumor lies in the deep lobe of the parotid gland. The tumor was proven a low grade muco-
epidermoid carcinoma histologically. The open arrow indicates the main trunk of the CN VL.

I. The 3D axial DESS-WE image through the carotid sheath just below the jugular foramen demonstrates the
lower cranial nerves within the carotid sheath. The CN IX (arrow) lies most anteriorly within the carotid
sheath, anterolateral to the internal carotid artery. The CN X (dashed arrow) is the only nerve that never
leaves the carotid sheath. It maintains its position within the carotid sheath constantly behind the internal
carotid artery and internal jugular vein. The CN XI (open arrow) is located lateral to the CN X within the ca-
rotid sheath. It then travels in a lateral direction either anteriorly or posteriorly in relation to the internal jug-
ular vein. The CN XII (crossed arrow) enters the carotid sheath most medially. It then runs laterally behind
the CN X and hooks around it.

3D = three-dimensional, A = internal carotid artery, DDSE-WE = double-echo steady-state with water excita-
tion, LP = lateral pterygoid muscle, MP = medial pterygoid muscle, V = internal jugular vein
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of| IX|et +H & Eoto] TFE XYReh S/ 0199 BE S5 Z55 AHlish= R

=A% (recurrent laryngeal nerve)-2 0]5A17 2] Q] F oAl BAE=d J}zoﬂf\i“ o5
%94 SHY, $SollM = iEsteHe] shl2 Fof 22t 29-2] 7] A =+ (tracheoesophageal
groove)ollA] §& 0 &2 Y5}, 5, 39, 40).

FA732 5ol mlFAZ L] @Sl fIxoh=t] FHRAI oA 71et AEA
n|FAF oz oA Aqrliet $5o] Z8-2-5ol wolshal, HEHAA0A 71t AP RE
2] S = A Ay Aszde) e o g HE 22lE & A174F2] FE7](trans-
verse process)& &0} Fo|50 & Hekg £of ofgfj2 F3YsHA F4l-f-E(sternocleido-
mastoid muscle)2t S52.(trapezius)©ll 254174 A& Al53H}3, 5, 39, 40).

At TE wd A5t nlFAl 2 #4179 UiSeild e oz AJsh 2 nj5Al

A Ui st B Ato] = sz whA L2t
o] 75 M E7| B (carotid bifurcation)2] ¢]Z¥} o]E-215E 0] 1
WRFo 7 FaYsto] ofetiel UiS, dad29] 9SolA doks
{H(sublingual space) 2.2 U5t X-= 52| W (intrinsic muscle)x} 771443 (palatoglos-
sus)S A LJet A (s tyloglossus) AZAZ o] A (genioglossus) 5 9] 2] (extrinsic
< &5t 2 d=(thyrohyoid
2= (geniohyoid muscle)oﬂE S SAH S AZIHCH(3, 5, 39, 40).

FHE AR SIS E oA HAFES AAA7 S ARESHA] &2 Alsi
T1WI°ﬂA1 IAEAES] Ao & el A e kel prekel txERE HRItKFig.
T12ju}, oje} Zho] A2 o] RS Hefof f1x]gh
g2 R 9] Ao iz =g "ol
A71HS AHESHH Ae] Ale = ARl B HHO| A e YT R 7= o
HRo] yhgho] Golsi Tk, 5). F7HEEAolA HAEE2 T2/T1 gtoll 55

RS RS 4 Q)= CISS2F 22 balanced SSFP 7ol A = 2 ehakelthy oA QlekA).

Z]Toll= T2 iR =S +0]+= reversed fast i 1mag1ng with steady-state free precession (°]st
FISP)2} BxA17 3} o] S5y 12 ES B247]+ dES ok diffusion weighted
image (15} DWI)S %3t 3D reversed FISP with DWT (3D PSIF-DWI) 7|9 (41, 42)3 &2 T1
iR 2 S Fed 25 yhzho] -8o]5h 2A3-R- =83 Aol (free induction decay gradient
echo)E ©]-8¢t FISPY} 2 T2 R =5 Hol= AWo|TE o]-83F SSFPE 233t 3D double-
echo steady-state with water excitation (3D DESS-WE) 7] (43-45) 5 thaFet 4121 MRI 7|8 0]
7Nk of 2| 2R2-g k]l @13 CN Vet o5kl Wief PHAIY 5 T8 H o] B H A4 9
725 FA o=t S 3-8t ARSE 2 JlTh(Fig. 11B, C, E-I).
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Fig. 12. The cranial nerves in the extraforaminal segment on T1-weighted images.

A. The coronal T1-weighted image through the orbit shows the frontal nerve (arrow), a branch of the ophthalmic division of the CN V, as a
small nodular structure between the orbital roof and levator palpebrae superioris muscle (arrowhead), which is surrounded by the fat in the
extraconal space of the orbit.

B. The axial T1-weighted image at the level of the infratemporal fossa shows the lingual nerve (arrow) and inferior alveolar nerve (open ar-
row), which are located posteromedial to the LP, surrounded by fat. Compare this with the three-dimensional double-echo steady-state with
water excitation image shown in Fig. 11E.

C. The axial T1-weighted image through the parotid gland shows the CN VII (arrows) as a hypointense tubular structure with the background
of the hyperintense fatty parenchyma of the parotid gland.

LP = lateral pterygoid muscle, MP = medial pterygoid muscle
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