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Temporal Bone Imaging

Takao Kodama

With the advent of high-resolution computed tomography
(HRCT), diagnostic imaging has played important roles in
the evaluation and ranagement of diseases in the temporal
bone. Recent advanced technology such as, multi detector-
' raw. sub-millimeter slice thickness (0.5 mm). high-speed
rotation (0.5 sec/rot), can make more accurate and rapid
examination possible. Magnetic resonance imaging (MRI)
can provide additional information because of its high con-
trast of soft tissues. In this article, characteristic findings
of several diseases in the temporal bone, such as, anomaly,
cholesteatoma, cholesterol granuloma, glomus tumor and
other tumors, are presented.
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1. CT, $ICHRCT

EHEMNEE ORI ERAE L G E BRI TS
D, H/AVE R EORUNEEE ORI L EE L0,
HRCTASH{ZZ M O L& H - TE 72, W% 24 &
L, Imm#EDAT 4 AETHGT 5. HHEHITHRRIC X
DR ERbINADY, RER~OPEEIE L BEOBZE %
F3ATH BT, BB TIZIREYE ER (OM line) 2* 54
257 VAV A2 = R LT B, BEEER#E - Prussaki
B L U scutum (k) - B NG - M - =38R E0
AF VI ERET S I TH 1, TTREZRBR Y FEIRET % 8hn 3
BT ENHFE LW,

Helical CTIZ & » THEEM OBV EESERH TH O A
L9 h by, ANEHITOHKALmultiplanar reconstruction
(MPR), H/V§7% EO=SFIUHEFRIZIBH S TELD2,
AR, S Mg % A7 A CT (multidetector-row CT:
MDCT) 25 K Lif&, 4 > b ) — RO EH#EAL (0.5
i5) & LDV AT A AJE(0.5mm) DERENTETNHS
U, AT A AHMOGHEEDT L VIR % SR
B CHfS S5 Z LAHEL 2 Y, isovoxellTIE W B %155
ZET, fERLY S BIFAEMPRIE - ZRICHEEVERT 5
ZENMEEE B> T &7 (Fig. 1, 2).

2. MRI

H/NE 7 EDF RS % Tl 5 OIXHEETS 545, ik
¥ bIA ML, BEEERECEREREOBENICE
BaEEERIz LTS, G HEISOMRITIERZ 23
BDI, BALRT—F 777 FOEEBRZIFRTVWIET
HDHY. BHESERE, g - A, KV A4 X, JE
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Fig. 1 HRCT of the normal temporal bone using MDCT with
a slice thickness of 0.5 mm and a helical pitch of 3. A: Origi-
nal axial image, B: coronal MPR image, C: sagittal MPR im-
age. Image quality of the MPR images seems to be equal to
that of the original image.

*: Prussak's space, +: Scutum.

T

Fig. 2 Three dimensional image of the normal ossicles
obtained fromm MDCT.

BT a— FONY FIRIZEESNLDT, ThbiE
BAICANTHRIG ST XA — 5 b 2 UEND 5. WGk
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EHZ <, TOREIIMPRIZ L - TEHAOWIE 2 K+
HILDETH B,

IT4E, 3D Fourler transformation (3DFT) % F v 72CISS
(constructive interference in the steady state), FSE, FASE
(fast asymmetric spin echo) #: 7% & D53 fiEheavily T258
PR (v AMR hydrography) A5 & L, PIE g 229
BB ~ /NG A OREMmIC b ISH S Tw 99, E#*%
I EfE 5 %75 L, maximum intensity projection (MIP) %
surface/volume rendering 7z & O HEMILIZ & = T AR 72
RHiAE S & 72 % (Fig. 3). M- ORIRERS & BRSO 8E S
TEETH ), NTHHOMHFHREL LTOHHNTH LY. W
HER/ Mt Ak, ®SE5 2R3 & A
& L Chiie s & O AT S, BEdeeiEy <
M EEEDOBWNIZAHTH ST, Lifiik Tid, half Fou-
rierZ i L 72FSEC & 4 3D-FASEEIC & % 54 AET2 50
Fifgz gL TWab.

WEHZEHMET A6, BREOESKIIA LD L
< |Xphased array coil Dl ﬁ"i&f‘ i Lv, LaL, EEIA
WASTREBDRRFEAME <, J}Tf[iiﬁ'ﬂ‘ﬂ“ﬁ’ﬁ[i"?ﬁh ErEiRE L
TR ORFA b L2 e A 121, B OQD I A )b (3%
EH) ZHWTWA.

L

IEFE RS I KBy EFRELFICL > Toffilksh T
BY, %m%ﬁuHmw%ﬁt&LfﬂMLfﬁ<&;w
By, S TIEHESE TS, 4B, Prussakffii & i, #E
AR, Y FEAMIIZEE, A “'I VFEWE, Y FERICL
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Fig. 3 High-resolution heavily T2-weighted images obtained with a 3D FASE sequence. (A)Original axial image, and (B)MPR images
perpendicular to the internal auditory canal (IAC)clearly show the facial and vestibulocochlearnerves. Three and four nerves can be
identified in the mid portion (left image of B)and bottom (right image of B)of the IAC, respectively. (C)MIP image and (D)surface ren-
dering image of the labyrinth.

c: cochlear nerve, f: facial nerve, iv: inferior vestibular nerve, sv: superior vestibular nerve, v: vestibular nerve.

THENFHIRT, EEERAREOEAETM L L TE

=
FETHAH. Scutum&iE, BRIz 3 A5 HE FEED S8 REX#
FERENOBATER % F8 7 (Fig. 1). :'n}\licf)ﬂLH* EL& E.IJFH % D%, BREkERED
INE RS, PIEEP B X USRS 5 o ik aies <o 1 55 o FEEFZE TN, RUOBM EEFNFEENL. TE,
BRAEICZRE L TIIMRIZSE R TH A, NG AEETIE, HHEI B RO I AT E R & 179 A b 2 S h, Wi{g
T & WA ST RE T 0, PNE DT Tk & J‘HJI‘CD RS HRRR SN TV S
B ASHHR I EETRE L e B 2 D%\, 612, b . S E - hEFH
RIEEMRE & T RIEEMAR TN E B DI e THlET e L & ﬂ-Hiﬁ SOHE (FEAE)EE b IchiEEEDgE 1 BLUE
% (Fig.3). L& L, Ih6OMEOGEEZR L TIEE A 285 X Y IEET B0, WHEOFBIE LIELITEHEL, 4
e HHFEOB% ICH/NEFHBELED) LHE SN TVEY, /]
SHHHIRILIE, AAZEZED B I LDV (EHIATK & W HAECHVE B @ & O3B X USRI EHEREO
ED% ), MRITHE, B MiEEE 12 & - THlRATS BFETIX, HRCTIZ X BFFMiALETH 5. IR
FEELESME - AR EZELI)A LML TE WF DA IS RE 2 855 H% <, helical CT°MDCT & HI\»72
DL TR SR, MPR « ZRTGERDHHTH 512 (Fig. 4).

ERE 1249 H 25 H 5
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(A) (B)

Fig. 4 Ossicular anomaly. A, B: Axial HRCT images obtained
with MDCT, C: 3D volume rendering image of the ossicles. The
long leg of the incus can'tbe identified, and the head of the
maleus and the body of the incus seems to fuse. The stapes

(c) is also deformed.
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Fig. 5 Severe Mon-
dini’s malformation.
A, B: The second and
apical turn of the co-
chlea can't be clearly
demonstrated on
HRCT.

2. NEEHF #12), common cavity, WFEHZE, MondiniddiEz: &,
fJ VDL - TROFFHIRICEE L CGEET 5 2 0% n RO & DERTREE SN2 X o T—#Dspectrum &
S, BEEEERHR ) BT ERET AL b H BN, LTHALNSY(Fig. 5, 6). NWHFE TR HEIE

Mondini-}é?ﬁ;ﬁ“ﬁ BIEHE, IR AR AN T4 2 b D&, PE5R L 72HiRE & AV 8 O 5 BEASIR i & 72 5 720K

D% Mondini i & IE51Y, PE G 4 ko MM (Michel i (lateral semicircular canal-vestibular dysplasia) T& 1),

6 H 4”*'&1}??\‘»1‘. %— 60 -{_‘: 5?1‘: 11 '}JL
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Fig. 8 Cochlear
aplasia. Only a di-
lated vestibule
can be detected in
the inner ear on
HRCT.

a..ain!' i

Flg 7 Stenosis of the right internal auditory canal. The right

MR ORBED | BRIEE XN 2L b H 5. vestibulocochlear nerve can't be detected on 3D FASE im-
h ages.
ANEHEOEEZRICB VT, WY - jikE - =35
- NEE - BTEW ORI E £ hEhETE {ﬂhff% W RIBHHHA9 T %9 (Fig. 8).

7533)?.5 WSS W OX RN % 2 DI FREDORE TH B 7:

OHRCTTEHMITAETd 545, MG VEHFEOMEZH & 1
TMRIDEHE R & 4L, MRITHRAICHEBENAED

IEEH S UBBRLKR

WclEdwv, 742, ATEREAREOHI < I EMRIAMLZET UM 2 BT BT 2 MR ORI 2 Wil 7z
Er*;%)'*:'(Fig.?). Ve,
3. BIEE/KEHLERIE (Large vestibular aqueduct syndrome) 1. HI%E (cholesteatoma)

HiEEARE DY) > 7355 - 3% (endolymphatic duct/sac) D55 PHFERE X, MICEERETLEO%EE(r7F 2 )05
R AEEET, WD U A o i I A SRR L7, AMEFEMICIIE BRI Ch 5. BREEDE
ET B ENE G, BREOZ LS WHIIEERT S F I &, BEBEREMIZRE- T "“‘[‘ff % EENBEREEERNEIC

EFEC, LRMMEE L CRETLIILLH A, SHEEN, BEVHR%E DL, BREUFBRIEL, 4

CT ctj AIEERE OPLRASAS 5 b. MRITIE, A > #AL IS J > T FuER (&tlm-u-ISJ ctJr%"r'-;i“—'**i‘J(’ ) 12 n‘iﬁr
N - BEORME LYV EEBET LA LT RETHDH. N5, LursEBIEPREE, SR O RMI - THAk
H%ﬁ"ifé%’&ﬁ?'ﬁ'% D% L, WA ET6%, TiERTE E & 4!' ZHNTBEY, PrussaklfEll T S 15 (Fig.
%A40% \ZRRO /- LG STV Y, 4 (modiolus) @ 9). AT B B BRI | B N SERR AR AT O WA A | A

ad . ,"II y

{ _.Eﬁb
tl Fig. 8 large vestibular
- r 'g.k ﬁ aqueduct syndrome.
R L, @ A: HRCT shows a di-
Gl | latec right vestibular
E . aqueduct(arrows) .B:
MIP image of 3D FASE
shows a dilated en-
¢ dolymphatic duct and
| b sac. The modiolus of the
- & ; cochlea s absenton both
| 5 4. . images.

ERE 12459 A 25 H 7
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Fig. 10 Left adhesive cholesteatoma. Abnormal soft
tissue in the posterior tympanic cavity displace the
handle of the maleus laterally. The long leg of the in-
cus is not detected.

L, BREEOFIHAERIESICZITERENS 2 L2E
v (Fig. 10).

HRCTTIE, MEENOBIEHALE L TR0 6529k
RIOTH Y, HEBERLHNOBLERIZ I EDPEET
Hb. FEERCIIPrussak O KR scutum DS LA 0
b, BRAERTIIIEODI A BOON D, FHEER
#X°sigmoid sinus plate DAL, FHZENEPERED GRS
HYVERTHSH. HAVEIL, EBSEMTIIAMIC, #Eh
TRAIMNARALT 5. HAVEOBUKIE, FBERTIRYF
HHERR F X & B, AT TIEF X B EHA R
EIZEFRIAZ &%,

MRIUZ/NFEZEDFHIZ 1338 S 7 hs, BLBRIE & P9 361G
RAVAT) YHAFEE R L EOER - S EHTS
5. T2RNE CRES LRTYEIL, EEREOTHEMD
HMWESNBY, BEELAKIIIEERNTH L. NED
FRDVERE L7 LR CTh B 70, BRI NEOMEehE) 5

8

A‘H I“l
g

Table 1 Complications of middle ear cholesteatoma

I IIIIIIIIl ‘lB)

Fig. 9 Left attic cho-
lesteatoma. A: Axial
HRCT image shows
abnormal soft tissue
density in the tympanic
cavity, especially in the
dilated Prussak’s space,
and the mastoid antrum.
The incus can’t be iden-
tified. The head of the
maleus is small and
medially displaced. B:
Coronal HRCT image
clearly shows erosion of
the scutum.

Erosion of ossicles
Labyrinthine fistula
Labyrinthitis
Facial nerve palsy
Intracranial complications
meningitis
subdural and epidural abscess
brain abscess
thrombophlebitis of sigmoid sinus

(TR 5T, RIFREGREIE 2R3 AIFEMAE L ORI
HHTH 5 (Fig. 11). fric, #% - BRAREOZH B
WTIEE G EHEREE 2D I wie, MRIDSEH
THH,

FERMEHEBRIEX, a3 ~53 Il B3 2 BRI
WMIELZRIM LR L DV RETHE SR TS, HITEES
W, NGRS, HERSe, BRmARMAET, BEN
(FFICAT L3 WCIF38 4 2. SEERAL B & O E 460 Sk 8RR
MEEDZRWI L Z R THRRMEEIRE & RO BT R
Y215,

BBRIEDOMEZM CEEL DI, SUHEDZITH 5
(Table 1), & 2 TlEERBEIZOWTHINZ W, EBRITY
AW APED S O & BRI EV2PE D P E S DS K
E5LDNH L. KWL E, M ORKLE
CTTEZWI§2DIEHMETH S, MRITIZEKERE D R4 106
RMEEL LTROLNED, KIRAEEIE - AR GHENE L ©
BRI TH DY, BT 5 L kBRI Y
FILAE 2 k3 LB bk 4% (labyrinthitis ossificans) &

HARERSE £60% F115
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IFEN 5. BIEHEEB 4 IZHRCTIC X 22T RETH 5
75, RRHEIL D A ORI TIIMRI (B2, 740 AET2 5 i 1]
I & HFHEALETH 5 (Fig. 12). MO HIKAL - #
HALOF L, Hoi ¥R L2255 AT HEOFMIHEL
TEELHRTH 5.

2. AL X7 ) »EEfE(Cholesterol granuloma)

TVATY UAEREROE LI-AERRETH 5. S5
DWRALENIE ) BEALIZ & o THIBGEIE - HinAss =
D, BEENA L AT VRIS L TEPRISE LT
DOREEEDSER SN L L WA BIEEHNTH LY, BIEA,
FLZEM, FLZSWRHL, R RIEHOWVT OIS S
L)%, #EFATIEIFOERL, Bikd 5700 ANE
% dehiscent jugular bulb, PISHBIRESTIVE 2 &EOFFIMAE
EDEHNDE L 2 5.

CTTIIEMNEOHRZE L LT 6N 5, MRITILMLTERE
FELLTAMEZOE V)R KL TTLS & UT25#
HETEHESERLY, MBENESIZZWT2& 5% (Fig.
13). WIMEST X —LGENLE VD, RY—LEFEET
by ERERIE TR e RTHENH 5.

FH 1249 A 25H

(A)

(B)

Fig. 11 Right attic cholesteatoma. (A)T1-weighted image
and (B)T 2 -weightedimages show abnormal heterogeneous
intensity in the dilated tympanic cavity and the mastoid
antrum. (C) Contrast-enhanced T1-weighted image clearly
demarcated the unenhancing cholesteatoma (arrows)from
the enhancing granulation tissue.

3. VML AMEE (Glomus tumor), HEHRBEHES
(Paraganglioma)

IEAT R TIE, BN (glomus tympanicum tumor) 3 &
O'EiERFL. (glomus jugulare tumor) [Z0F5E3 5. T DX
AR 7 545 1 2 1 glomus jugulotympanicum tumor &
5. HHEHFEDnerve of Jacobson, #HEMFEDnerve of
Arnold, A WIIEHIRERO/E X 1 564 L, glomus
tympanicum (IR FGEER ICERD SN D T E D% FEIR
BRI RESITE - TR LAY, MBHEEE LML 3
FeTHIEDS N,

Glomus jugulare (3 J& P O 58 % fF 5 A AEE 7 555
LT ENEZENE <, glomus tympanicum (5%
FMICHRE L ER & LTROLNE Z WV, JEF
I O S8 AR TH Y, MRITHEENORE % flow
void# iR 2 Z L H%dh A (Fig. 14). PISHFIR O FHM 12 1%
MR venography 23 HTdH 520, MRAZHHHTAHZ &2
Lo THREMEL2DLBEMETHAILLITRETHS
A%, PEBREYAE O IEHE BRI, MEEEISULETS
5.
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(c)

(D)

Fig. 12 Bilateral chronic labyrinthitis. A: Attenuation of the right cochlea is slightly increased on HRCT. B: The right cochlea is not
detected on a partial MIP image obtained from 3D FASE images. Segmental defect is also observed in the superior semicircular canal.
C: The leit inner ear seems to be normal on HRCT. D: The basal turn of the cochlea, vestibule and some portion of the semicircular

canals are not visualized on a 3D FASE MIP image.

4. HREREEME (Table 2)

BIEHTFL T vascular mass" # /R L, TIL AT o AENE
R0 LAEHEOER L LTHEE 25, NEEIROLS5
AR TIIPIEBIIR DAL ARIA L, MEIMATE & L <
SEEBIIREL T & %inferior tympanic artery & hyoid artery®
Pk L CHEN T &7 5. SRS OEEELATO S h
¥, WEMNOYIBHERAHEBYIRE R LA L TV B D
PRI TH 255, ZOBWITIIMRARCTANEH TH
%2V (Fig. 15).

5. E8##ZAES (Acoustic neurinoma, schwannoma)

RIS 53 AT 5 2 EDTEREMICE 2, FiEMN
#EHNE (vestibular schwannoma) & & IHEN 2 A%, M-
B34S B FiEIIE (cochlear schwannoma) & i 20 % 5 i
HINTVD., EEOHEBMEDOEIE-T, NEYE
PUZERI L 7o/ MESEASMIB TR & 22 0, X 0 IR 7 o

10

D—BhlZhoTws,

WEEMICRE U2 FEE S OB W8 L Tidaiy
MRI#AE A5golden standard Td 1), 3DFT#E % F V72 550
RET 1 5 L A (247 I Ca B, 3D heavily T2 Hi{g
EWEIHEEZ R L, EEAMEZER L 2w Ew ) FlEAD
D, FEFEORAFER M & OBIFR S X BINEICEET X
%22 (Fig. 16). %, #EEMRIS3D heavily T258H Wi{£ T
fJ‘Tr'ﬁ‘ZlE?ﬁﬁ’bﬁ ENTH, 3L b IEMRENES & kBT i
BWZ EEQUUCAN, SHEMEE B X D&Y ATREEL
i, m;ﬁi@.&smmmmﬂﬂﬁ TR LB B,

6. BAEI#AZIES; (Facial neurinoma)

BHAEDETIZH - T, WTFhoBic b3 ELS 5
W, BEAPREETE R OB AT . BT AR % D 2 D
EHLLTC, (B35 Md 5 WIEEEHEOIES: 2542
TELH. T, FRTAPHEREEE LTRASN

HARBE & 8560 % 4511 5



N RS 557

Fig. 13 Large cholesterol granuloma A mass lesion in the rlghl 1ympan|c cavity, mastmd amrurn and postermr fossa displays hyperintensity
on T1-weighted (A)and T2-weighted (B)images.

(A)

Fig. 14 Left glomus Jugu!are tumor A: Destructlon of the temporal bone around the jugular foramen is observed on HRCT. B Post-
contrast T1-weighted image shows heterogeneous enhancing mass with signal void suggesting abnormal vasculature.

Table 2 Vascular abnormality in the tympanic cavity

Aberrant internal carotid artery

Partial absence of internal carotid artery
Internal carotid artery aneurysm
Dehiscent jugular bulb

52LbdHb. SREE LIRS RATCTH B A%, KAERE L i 5 L T250
HRCT T3 BT AEE OPER LAY % £ 9 WALk 1?2'( DIEE DR ED L.

ELTROLNE. L L, SEHOBMmAREEOREILIE 7. Endolymphatic sac tumor

WHTORBLTLILHFHDY, PHEOAHIZE - Sl 45 T 5 1 38 % £F 9 papillary, lowgrade adeno-
THENOKPMMEZ L) LB HER LA H 5. carcinoma. RIEACEHLZ Lk LIZIRETH D, ) w28

MRI T, BRAREDELT I - 72 REF R B R 2 R T BHEEEZEZONTVD, FAEOREEE L FEKE S

TR & L TR s (Fig. 17). A2 - 723k g BIENEL, Bl - HEv, HHMEMREZZEDSL L

BRI, Vbt —VIROEEERTIENE V. B b& 5. 72, von-Hippel Lindawli§lZ45HEd 2 2 LA¥H16

T 12429 H 25 H 11
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Fig. 15 Partial absence of the right internal carotid artery. A, B: Axial HRCT. The proximal portion of the carotid canal is absent and
abnormal soft tissue in the tympanic cavity connects with the distal portion of the carot\d canal. (C) Source image and (D)MIP image

of the 3D time-of-flight MRA shows abnormal course of the right internal carotid artery (arrow).

I 1'iﬂll!‘||i|

Fig. 16 Left intracanalicular vestibular schwannoma. Fig. 17 Left facial schwannoma complicated with otitis
A very small mass lesion of the vestibular nerve is media. A“sausage”-like enhancing mass is visualized
detected on a 3D FASE image (arrow). The cochlear along the tract of the facial nerve (arrows).

nerve can clearly be demarcated from the lesion.

12 HAEREE £60%5 £ 115
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nTws,

HRCT TI&, AifEKEICH LT HEAZ H0& LIzEK
EARDSNLONEHNTH S, FKILE LIELITED
7%, B SNIEHEO—IEEZ OGNS, MTELEE
BTHY, MEETIINSERD S ORIEME & NEH R
PAFAH SN A, MRITI, T1SREHMIE CHIMLA RET 5
EESEHARDLZ LS, BIFREEEERL, K
#BIZflow void ZiBH BT L b dH 5D,

B bH W

MDCTR & 3 fEREMRID I FAZFE, B E- 3802 35 0
THZRICE G R FNE Wit Esr—Tarn=—
ANEE-TLAbDEBbLNG, T, NLHNEOHH
Fit & L Tlunctional MRI% JH\V2 5 & O b A 5020 I
B W O &7 & FHEFERSIT O FUE b M TS (R (ZHERE) 125
HEhTL{sbDLBbhs,
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