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Automated Detection of Paranasal Sinus Diseases on Dental Panoramic X-Ray

Image by Using Contralateral Subtraction Technique*
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Fig.1 Examples of dental panoramic X-ray im-
age (a) and CT scan image of the same pa-
tient (b). The left sinus (right on the image)
was filled with mucus.
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‘ Mandible detection and contour extraction ‘

-

‘ L/R Mandible extraction ‘

-

‘ Image registration of L/IR mandible ‘

«

‘ Image subtraction by using registration result of L/R mandible

2

‘ Determination of abnormal side on L/R paranasal ‘

2 B%E L 72 BB 3D CRE e Tk
B
Fig.2 Overview of our determination approach for
abnormal side based on contralateral subtrac-
tion technique.
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Fig.3 Extraction of mandible contour (a) Original
panoramic X-ray image. (b) Extracted con-

tour. (c) Left/Right area to be registered.
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Fig.4 Image registration of left and right mandible

contour. (a) Before registration of right and
flipped left mandible contour. (b) Registra-
tion results of right and flipped left contours.
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Fig.5 Example of contralateral subtraction. (a)
Original image. (b) Registered Left/Right
flipped image. (c) Contralateral subtraction
image of image (a) — image (b).
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Fig.6 Two regions for determination of Left/Right
paranasal sinus area based on mandible ge-

ometry.
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Table 1 Accuracy of image registration results and
determination performance based on AUC,
sensitivity and specificity.

Registration

Accuracy AUC Sensitivity Specificity
DB1 95% 0.74 70% 81%
DB2 99% 0.75 70% 81%
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Table 2 Results of observer performance study and
the AUC changes of 13 readers (R1-R13).

AUC p-value
Without Comp. With Comp. (*p <0.05)
Resident R1 0.69 0.67 0.5426
R2 0.79 0.83 0.0023 *
R3 0.63 0.77 0.0272 *
R4 0.60 0.73 0.0270 *
RS 0.76 0.69 0.1812
R6 0.70 0.78 0.1627
R7 0.80 0.76 0.5037
R8 0.61 0.71 0.1910
R9 0.65 0.63 0.8607
Average 0.69 0.73 0.185
Student R10 0.57 0.68 0.1107
R11  0.77 0.80 0.4382
R12 0.60 0.69 0.1461
R13  0.71 0.71 0.9552
Average 0.66 0.72 0.111
Total 0.68 0.73 0.042 *
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Fig.7 Average ROC curves of “With computer” and
“Without computer” from 13 readers.
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Fig.8 Computer result was beneficial case for read-
ers. (a) Original image with abnormal left
paranasal sinus. (b) Determination example
of computer by marking a white circle to in-
dicate the abnormal region.
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Fig.9 Computer result was detrimental case for

al

readers. (a) Original image with no abnormal
sign on paranasal sinus. (b) Determination
example of computer by mistakenly marking
a white circle to indicate the abnormal region.

W% FCIEERETASRIMET D 5 A5 E5 W% LTk
BHIEICZY), S0X)%ar¥a—FOkRIIHEE
DERICEG LIEEZOND.

=7, Ar¥a—8 ORFRPTEEITELEL 2
72BbH 5. M9 (a) IFIEFERTH LA, M9 (D) D
L9 RESEPELNT. T 12—y DR EIR
LWEEIZIE, 13 44 9 2 DREME 1T KD o 7273,
ENGRFREE IR LA, 13 4 12 BHHE
fEEEx PR SERENHY LHRT Lz, Ziud, av
Vo — ¥ D5 LRI BV Th 72 b B fiidhs
HBEIIHZDENMEPER S NT720, %< DF
WEERRALSELETHETES,

DX BARNBEEZENBHDLbOD, &F
ELTIAUC ORMERR SN, ZOFHEREED
EHIZOWTIE, TO0BERFEZ LMD, —DIER
BWICAR Y AT AW ICE S CELERE, 3
HOBHIEN L7272 ORI BAEAITR S N BT T
HbH., INEHEEOBRDPOERTILENH 5.
FD0IZ, MPREOFRIEND—DTH S Cohen'’s d %
FHELA11]. a a— ORIV ELED D

890

WAED AUC OFBOEICOWCEE L74EE, 0.632
w7z, TR, RREFFERETH L I L EIRTH,
ZD ISWEHEXEIE —0.163 75 1.415 &g <, 18
RICHBADIRENTER A RECTE hrorz. L
Lahs, ary¥a— 8 EBH AT 21081750
YEa—-yOFHIE, B EFTHELEOMBTHY,
AN T 2= OfERE ERICHH T WA &%
EhblEZLND.

5. ¢ ¢ U

787 T = X WG BT B A 75 G50 = F)
L7z ESHR O BERIM T, FE O RE AR
ORGP FIZH ST 5.

AMEE AWIFEO—EIIHITA R — 2 3 VR SE
Ty g sl ) 7RI R ) 7 [ 0]
DB L T 2 L2 m EEREERR OB KT,
WHE ORI A4 (SCOPE) 12X 5 [HME%
BTN X 2 EEERFHEREZ W > A 7 2 D5t B
ko Tt 72, AIROFEERTIE,
H AR BT 75 - PR 78 [R5 9280
By —VoRZEHE (B BAIED) | 256% L 728
BEHEEBRY 7 by 2 TR L7

X Rk

[1] M.L. Giger, N. Ahn, K. Doi, H. MacMahon, and C.E.
Metz, “Computerized detection of pulmonary nod-
ules in digital chest images: Use of morphological fil-
ters in reducing false-positive detections,” Med Phys,
vol.17, no.5, pp.861-865, Sept.-Oct. 1990.

[2] S. Katsuragawa, K. Doi, and H. MacMahon, “Image
feature analysis and computer-aided diagnosis in dig-
ital radiography: Detection and characterization of
interstitial lung disease in digital chest radiographs,”
Med Phys, vol.15, no.3, pp.311-319, May-June 1988.

[3] S. Katsuragawa, K. Doi, H. MacMahon, N.
Nakamori, Y. Sasaki, and J.J. Fennessy, “Quan-
titative computer-aided analysis of lung texture
in chest radiographs,” Radiographics, vol.10, no.2,
pp.257-269, March 1990.

[4] J. Morishita, S. Katsuragawa, K. Kondo, and K. Doi,
“An automated patient recognition method based on
an image-matching technique using previous chest ra-
diographs in the picture archiving and communica-
tion system environment,” Med Phys, vol.28, no.6,
pp.1093-1097, June 2001.

[5] HEA#Z, PH %, HFARIEL, NEFERE, JOREE, <k
SRR O T — LFER %0 CAD ORA,” HARSS
AT MR, vol.52, n0.6, pp.735-740, June 1996.

[6] AAIHW, Ak EER, & OaKE, BOUWIE, B, MR
T, HFEL, BTEE, BHLE, “Hflb/, 7=



LR Y T X BB BT B IR A A A & 72 BB O FE BB

Ty 7 AR BT B THEE O R EE OIEA O BB
FEOMZE,” E59HER, MI2009-137, Jan. 2010.

7] EBE=E, FINERE, «arbg 77 7 VEsHME2 v
7ea v €a— 5 TEBHIY AT LWk OT WHRIZBVT 54
PEMIRNAE ZER IR~ DICH,” B (C), vol.128, no.11,
pp.73-80, Nov. 2008.

[8] S. Tsukuda, A. Heshiki, S. Katsuragawa, Q. Li, H.
MacMahon, and K. Doi, “Detection of lung nodules
on digital chest radiographs: Potential usefulness of a
new contralateral subtraction technique,” Radiology,
vol.223, no.1, pp.199-203, April 2002.

[9] Q. Li, S. Katsuragawa, and K. Doi, “Improved con-
tralateral subtraction images by use of elastic match-
ing technique,” Med Phys, vol.27, no.8, pp.1934-
1942, Aug. 2000.

[10] Q. Li, S. Katsuragawa, T. Ishida, H. Yoshida, S.
Tsukuda, H. MacMahon, and K. Doi, “Contralateral
subtraction: A novel technique for detection of asym-
metric abnormalities on digital chest radiographs,”
Med Phys, vol.27, no.1, pp.47-55, Jan. 2000.

[11] J. Cohen, “A power primer,” Psychological Bulletin,
vol.112, no.1, pp.155-159, July 1992.

(PR 24 45 6 A 14 O%AF, 10 A 26 HHEZA)

R K (ER)

1995 4 12 Ik B RFRZBE LR 58
RHEAE, RS TR S SR .
1997 FBIT. 2001 FEB#EZ. 2002 FX
FRAEBE R R FE R P A R R B BB #
B (o). T ERE®ROZ0 O
{GHLER R O30, 2 ¥a— ¥ 5ES
Wi A7 A OB 2R IC S, HARERE TS %, &
AW ERT S, BREREG LSR5 aE.

Bt x&

2012 IEEK - T - IS #RE, FERK
KEEBEES R ER A%E, BUE, FBIZER
FHEERRE AR A X — VTEHRE TR,

#F EXER

2001 HK - A8 H%E, 2005 4 3 ARK
KEFBARF 78R T, 2005 45 4 A H
AR B SR B2 B T, 2006
4E 4 AFGEM, 2007 48 4 J R EAT .
HABEHGH RS2, BRONEA 7T~
Mgy, OARFHABIEIY S, HARBHES#
FREEKSE. HARERBGHMSSHMEE.

"

A &

1986 HK - #AF Hi%. 1986 4 4 J HA

REARF 0 g -k B T, 1993 47

4 ARG, 1996 457 A7 2 ) #AKE

IN=IN— FREFEFE - Massachusetts Eye

and Ear Infirmary TR gE Bk N2

Massachusetts General Hospital JrETR ]

FHFFEE. 1999 4 HAKFIRT = MEdz. HAMGEY %,

HADpER 2R, HABEFRGFRSERE. HARRRHHE

FRAREEE, AASHBMI A RIREEE, AAHRFHIG A R MR,
BN BAE

1987 FAH K - B2, 1994 ¥ H K%

BT, 1999 FMARBIEIZ, 2007 FA#EZ

%, 2011 AIRHEZ. AAEFEY S, HA

WA IR A SR B BRI

FRFE, HARBAWT ) NEYT—V 3

‘ CVESFHA, HAROMEA 77 Y MER

fRE, HAFHEEYSRH, BROERMYSSH. BARER

U S,

B @k (ER)

2000 %7 B KRR LA e RHE
-’ (- TEHEE IR T, W (T4, 3
- 1E, U RRZESERMERhE. RN
WHEOIGH, KROT v ¥a— 8 KB
B 207 fEdE, HAREMRE T4,
REMEGE 4%, ENEGEERES, H
RigGHEr &% 4 H.

MATEF

2008 ¥ TRFKFBEAFF - ERIE S
WY FRAAEEIE T, 2008 IR RS RE B i
RESHAZ I FEREIIFZE H, 2009 AR
PR RAFFE R E ALK, 2012 [AfFE
17, Wigetiti B (& Bdisdz). RS,

& M AL ] O fFAT, 22—
BB (CAD) ¥ AT AOBSICHET 207812 HEH. HARK
SRS, BAREAmG LY S, ERMGERFRESE.

A L& (EB:7xzuvo-—)

1976 IR - T - WA, 1978 FIAK
P TR RME AR T, MR R
TR LHEEBT, 1986 FB%IZ. Z O/,
1983~1986 ¥ 1 TR0 A~ ¥ fhtiiig
WHepr % BFZE 8. 1991 I B ARS: TaAiE
FIEMR LR EIZ, 1995 MEEZ, 2002
FRZEGEES A e R % (TRAEERFAEI - JfE A A — D1
W E), BECEL, ERERSEFICB MG (Fi,
I ¥ 2= TEBM Y AT AOBE) koM. T
. ERAEGERES (&R), BAREAmGTES, HAR%RE
ET¥R%ESERH.

891



