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Application of Digital Tomosynthesis
to Radiographic Diagnosis of the
Temporal Bone : Studies on Visualization
in Normal Subjects

Takashi Kawai

To examine the usefulness of digital tomosynthesis for
conducting radiographic diagnosis of the temporal bone,
visualization of various aural structures such as the semicir-
cular canals, cochlea, vestibular apparatus, ossicles of the
ear and facial nerve canal was examined in 18 volunteers.
The visualization of temporal bone specimens by digital
tomosynithesis and CT images (slice thickness : 1.5 mm) was
compared.

The results showed that this system (Digital Tomosynth-
esis) produced clear images of bony labyrinthine structures
such as the semicircular canals, cochlea, and vestibular
apparatus.

Visualization of the ossicles was also clear, and their
continuity could be comprehended better than on CT images.
This system also provided good visualization of the labyrin-
thine and tympanic parts of the facial nerve canal, although
CT images had greater sharpness. Visualization of the lower
half of the mastoid part was poor with this system.

Research Code No.: 504. 9

Key words : Digital tomosynthesis, Temporal bone

Received Mar. 8, 1994 ; revision accepted Apr. 2, 1994
Department of Radiology, Shinshu University, School of Medicine

NIPPON ACTA RADIOLOGICA 1995 ; 55 : 312-321

L wic

WEEE, FriCH oMz X Sy, »2 7Tz £
EWE R & d, BUE T 2 SN h - TiEsr e
CTHEME HHTwD, TLRETIINEOBIEIC
MRI 2w b, Bl S ITb i Tw 5, TERDOK
Fadszikic & 21803, FEOICABH IS 24, 2>+
2 ML A aTeh B2 b, CT*MRIICLED
E-oTiboNTE,

LA LEa e CT Ic B W Tid, BEo X R %
Ve ) BT A, WiIRE AR TH Y, Zofbo )
D PERER R (% T3, 22 RED % - TS 2
Wiz ig A t+ak Z &b, Higaelkizcowt, 2hoi
TR 2 & QBT 21 I3 WD b, itk
Wi s iid, MR 2 O EED b O W R RS TR
LW EEd R YD, 2% iko digital radiography
PER LT, BB B BB L 1) % 08T & B
L7z, B30 L vl L ToRM» i s BEbhhn
2, bbbz, 2Ok ) LIAFLEz HickrTnwTF
PN R R AEMERTH )Y, KR TIE, M
S X gl 810 2 Ko G2 BT 5 728, K
7T 4 TOEEHIZ BT 5 i#E0RIMAE Y, Mg
Ai B 3 AN CT D 0t iE % Holkas L 7z,

MR LU HE

FELVEVALCATLAEELLT, H AT 4 28
X TV B sl MEDIX-210LS i 4 542 7 4
7B A= 7ok HX2P-325 2z 24 (L
TrE> 222 HC E0ET), B L0V EHRERR X
TV EMEREEE RS-100 I2H#HE 4 £ — 7ot
IDR-2000 # Mz 724 ? (LIFr® >4 2 S EWET)
BEEHL .

FES> 2L ZHC T, £7>F4 7 104&IDOWT
ATIEE T AR WR & RS, B & 4 H RSO

HABE S 055 4% #5 %



i

W o BB 32 2 ATV, 2 0 A N SR o e fK W e i 2 4T -
72, W HEE I3 R0 2 JH T, Bk 407, HREEER 1
¥, ke X SIS TITv, RN X 230 7L
—LEPIEL 22, BRBGT— 213, 2w 2 AHA X
10241024, WIESWHIES & v F o AD 28 250 L T
T INT—FIER L7,

FEL >R ASTIE, KT7>T4 T 8H4DH &Y
L7z, 209 5 6 B TA BT Ok WHE: & SR mME, B
& O ASATRIRMAR DM R 2 4T - 72, D o 2 % Tl
REARWIR G D A 21T - 72, A 2T 4L Wil E s
OB TITVy, HRESREI] 2.1 80, X id o oL 24t i & H
Wiz, 1 OB TR 64 7L — B EL, =
NAEAADZHEIZLE ) 1 7 —2 %721 1024X1024 = F
oy 7 2, WEASBEE10E Y FOT U I LT — 72 Bk
L7z, FE >+ AHS, FPEI>RLZASELICHEHS

.8

[ 313

U Wi S O AR T B HE 2T 2 728, 13k
TCREM M BALEE 2 AT - 72, KT v T 4 Tidaefi)dE A%
M (26~38 ik, T4 33.3 %) T, Bk HMB X U
FlzOowWTHa@Mo 5 2, WEE2Ee.

Alalg, 1 hmolgEE iz, Imm By F o) g
{4249 20 PO BEEERE L €, H/MVEF =208, W, i
BE, BUTMESS 7 & oMBiRE M L7, 2ok,
T ARE B ZOREN TR LD % (+4), %
THEELZ L% (+), THKEZLNE (—) &L,

KIZO EOOMEEE A (RIS T, &) > g
L72b®) #HWT, TV R 2B E, X
W CTARIC L 2 H oML L 72, = ot
ik, PES L ASEMHWL, CTHiEIX, GE #Hiu
CT/T9800 # i FH L 72. A 7 4 Z L 1.5mm, FOV
(field of view) 10cm TR % + > L, bone algorithm T

Tablel Visibility of the normal aural structures with Tomosynthesis HC.

coronal view coronal view RAOQO 45 view sagittal view
rt. ear n=10 It. ear n=10 rt. ear n=10 rt. ear n=10
++ o+ = |+t o+ =t o+ =+ o+ =
semicircular canal
posterior 0 5 5 0 & 2 6 ) 1 5 5 0
lateral ] 1 ] 10 ] 0 10 0 ] 9 1 0
superior 8 2 0 7 3 0 10 0 1] 3 6 1
cochlea 10 0 ] 10 {0 0 10 0 0 0 8 2
vestibule 9 1 0 10 0 0 10 0 0 0 5 5
ossicles
malleus 9 1 1] 10 0 0 7 2 1 4 3 3
incus 1 0 10 0 0 7 3 0 4 3 3
stapes 0 2 8 0 1 9 1 0 9 0 10
facial nerve canal
labyrinthine seg. 6 3 6 2 2 8 2 0 0 10
tympanic seg. 4 4 2 6 3 4 5 1 5 4 1
mastoid seg. 0 0 10 0 0 10 1 2 7 4 4 2

Table 2 Visibility of the normal aural structures with Tomosynthesis S.
coronal view RAO 45" view sagittal view
rt. ear n==8 rt. ear n=6 rt. ear n=6
++ o+ = |+t o+ = |+ o+ =

semicircular canal
posterior 5 3 0 5 1 0 1 5 0
lateral 7 1 0 6 0 0 & 1 0
superior 7 1 0 6 0 0 2 4 0
cochlea 8 0 0 6 0 0 3 3 0
vestibule 8 0 0 6 0 0 1 5 0
ossicles
malleus 8 0 0 5 1 0 3 ) 0
incus 8 0 0 5 1 0 3 ) 0
stapes 2 4 2 1 2 3 0 0 6
facial nerve canal

labyrinthine seg. 6 1 1 6 0 0 0 6

tympanic seg. 6 2 0 4 2 0 3 ) 0

mastoid seg. 0 0 8 2 3 1 2 2 2

P T4 H 250
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Key to Figures

1. cochlea

2. vestibule

3. oval window

4. superior semicircular canal

5. lateral semicircular canal

6. posterior semicircular canal

7. facial nerve canal (labyrinthine
seg..)

8. facial nerve canal (tympanic
seg.)

9. facial nerve canal (mastoid seg.)
10. head of malleus

11. manubrium of malleus

12. body of incus

13. long process of incus

14, stapes

Fig.1 ((A), (B)) Coronal digital tomosynthesis images of a normal volunteer

These images are obtained with the Tomosynthesis HC. Images 2, 3, 4 are 2mm anterior to one preceding it, and

images 5, 6, 7, 8 are Imm anterior to one preceding it. Digital tomosynthesis images clearly demonstrate the cochlea,

vestibule, oval window, superior and lateral semicircular canals, internal auditory canal, the labyrinthine and

tympanic segments of facial nerve canal, malleus and incus. However the stapes cannot be shown on these images.
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Key to Figures

1. cochlea

2. vestibule

3. oval window

4. superior semicircular canal

5. lateral semicircular canal

6. posterior semicircular canal

7. facial nerve canal (labyrinthine
seg.)

8. facial nerve canal (tympanic
seg.)

9. facial nerve canal (mastoid seg.)
10. head of malleus

11. manubrium of malleus

12. body of incus

13. long process of incus

14. stapes

Fig.2 ((A), (B)) Digital tomosynthesis images in forty five degree RAO direction of the same volunteer as Fig. 1
These images are obtained with the Tomosynthesis HC. Images 2, 3, 4 are 2mm lateral to one preceding it, and imagss 5,

6,7, 8 are Imm lateral to one preceding it. Digital tomosynthesis images clearly demonstrate the cochlea, vestibule, semicircu-

lar canals, internal auditory canal, the labyrinthine and tympanic segments of facial nerve canal, malleus and Incus.
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Key to Figures
1. cochlea

. vestibule

. oval window

2
3
4. superior semicircular canal
5. lateral semicircular canal

6. posterior semicircular canal

7. facial nerve canal (labyrinthine
seg.)

8. facial nerve canal (tympanic
seg.)

9. facial nerve canal (mastoid seg.)
10. head of malleus

11. manubrium of malleus

12. body of incus

13. long process of incus

14. stapes

Fig.3 ((A), (B)) Sagittal digital tomosynthesis images of the same volunteer as Fig. 1
These images are obtained with the Tomosynthesis HC. Images 2, 3, 4 are 2mm lateral to one preceding it,
and images 5, 6, 7, 8 are Imm lateral to one preceding it. Digital tomosynthesis images clearly demonstrate

semicircular canals, the tympanic and mastoid segments of the facial nerve canal, malleus and incus. The
vestibule and cochlea cannot be shown clearly in this projection.
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Axial digital tomosynthesis images ((A), (B)) and high resolution CT images ((C), (D)) of an isolated right temporal bone specimen.

Digital tomosynthesis images are obtained with the Tomosynthesis S. Each digital tomosynthesis image is Imm caudal to one preceding

it. The thickness of CT images is 1.5mm and each image is 1.5mm caudal to one preceding it. Digital tomosynthesis images more clearly

show the continuity of ossicular chain than CT images. The head of stapes, anterior and posterior crus (white arrow head) are also more

clearly shown on digital tomosynthesis images.
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Fig.5 Coronal Digital Tomosynthesis images ((A), (B)) and high resolution CT images ((C), (D)) of ths same temporal bone specimen as
fig. 4

Digital tomosynthesis images are obtained with the Tomosynthesis S. Each digital tomosynthesis image, except images 3, 4, is Imm
anterior to one preceding it. Images 3, 4 are 2mm anterior to previous one. The thickness of CT images is 1.5mm and each image is 1.omm
anterior to one preceding it. The labyrinthine and tympanic segments of facial nerve canal are more clearly seen on CT images than digital
tomosynthesis images due to high contrast resolution of CT images.

Key to Figures

1. cochlea 8. facial nerve canal (tympanic seg.)

2. vestibule 9. facial nerve canal (mastoid seg.)

3. oval window 10. head of malleus

4. superior semicircular canal 11. manubrium of malleus

5. lateral semicircular canal 12. body of incus

6. posterior semicircular canal 13. long process of incus

7. facial nerve canal (labyrinthine seg.) 14. stapes
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Fig.6 Forty five degree RAO digital tomosynthesis images ((A), (B)) and high resolution CT images ((C), (D)) of the same temporal bone
specimen.

Digital tomosynthesis images are obtained with the Tomosynthesis S. Images 2, 3, 4 are Imm medial to one preceding it, and images 5,
6, 7, 8 are 2mm medial to one preceding it. The thickness of CT images is 1.5mm and each image is 1.5rnm medial to one preceding it. Digital
tomosynthesis images show more clearly the continuity of ossicular chain than CT images. CT images can show the entire segment of the
facial nerve canal. Although digital tomosynthesis images cannot show clearly the lower half of mastoid segment of the facial nerve canal.

They clearly show the other segments.
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