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Development of an Al-based Dental Support System for Panoramic X-ray Images
Kohei Torii’, Eiichi Honda? and Kenji Kita?

Research and development of Al-based diagnostic systems in the medical and dental fields is flourishing worldwide. However,
there are few practical dental support systems and dental databases. Support for medical record input is needed to reduce the
burden at diagnosis. We have been developing a dental database with detailed annotation information and building an Al system for
automatic teeth detection, teeth numbering, teeth contour estimation, and disease diagnosis from panoramic X-ray images since
2019. Three dentists and one expert of dental radiology created our database, which includes teeth number based on FDI method,
coordinates of teeth contour, and various dental conditions, using Anotee, a software developed for creating dental databases. Our
system consists of multiple deep neural networks that were trained using 1,781 panoramic X-ray images and annotations, which
excluded deciduous teeth and rare dental conditions. The deep neural network to classify dental conditions is based on
EfficientNetV2-S and can diagnose multiple dental conditions. To verify our system’s usefulness, we evaluated two dental condition
classifications for 20 dental conditions and 10 dental conditions such as caries, periodontitis, root canal filling, inlay, composite resin,
crown, pontic, implant, and impacted tooth. We performed 5-fold cross validation and calculated precision, sensitivity, and specificity.
Experimental results were encouraging. For the diagnosis of 20 conditions, precision was 90.4%, sensitivity was 86.1%, and
specificity was 99.4%; for the diagnosis of 10 conditions, precision was 92.9%, sensitivity was 90.0%, and specificity was 99.1%. The
system achieved high accuracy, suggesting that Al systems are useful in assisting medical record input support.
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Table1 7%/ 5~ XHE{RIZNT2T 25— 3 ¥ O

version Anotee Version
filename Filename
height Height of Image
width Width of Image
brightness Value of Brightness in Anotee
contrast Value of Contrast in Anotee
info org Organization
state File State
editor Editor Name
checker Checker Name
note Plain Text of Note
shapes label Tooth Number & Conditions
shape_type Type of Shape
points Coordinates of Contour
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%0, TAMEBRICBWTE)BOBRIITE Lh o7,
KUY AT L TXBEMEOMI 2R % ZE L7225 WE
WEETH 2720, X MEEE 2 B L7 W{RO R
Wi7 T ZLDHBHFLETH D, ) LR IRE I
LCIREZM =2 —F Vv b7 —2 OANEEH A X
REH L7728 73 XMWHGOWE % & OB r %
FRegwneEZORL0, ANEEY 4 ZofREbz X
L& LREZH =2 —F WAy FT— 21T H%E
DYEREME /8 T < XBEROPENLETDH b,
FMRRHRIIW O L OERAEELTH Y, RO
FEORERR AN RO A X v 7R EOEBELREN
7o, WEBW=2—5 NVt Y NT—27 OBWRI S5
Mg D2 EHMETLARTIER SRV,

AT BT 5787 7= XBERT — & X— ZADVERK
T, HEALVY vaERkERERBEICHTTT ) T —
YarvafhLaror, EBREOEAL Y VX)L
ZTAWRENE L, REZHM=2—-F VA Y VT =20
ERICOBEBEL G2 EZONL, 5%, BELV IV
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Table 5 20 RS & O 10 REDIRTEZ W 203 5 Sl

. Precision  Sensitivity  Specificity . Precision  Sensitivity  Specificity
20 Condit 10 Condit
onditions (%) (%) (%) onditions (%) (%) (%)
N 94.2 97.0 91.5 N 94.2 97.0 91.5
C 74.3 34.5 99.7 C 74.3 34.5 99.7
Per 62.1 23.0 99.7 Per 62.1 23.0 99.7
RCF 95.7 96.6 99.3 RCF 95.7 96.6 99.3
Metal 91.5 93.3 98.9
In 91.3 89.3 98.8
AF 73.0 42.6 99.0
CR 73.0 42.6 99.0 CR 73.0 42.6 99.0
FMC 85.8 86.6 98.8
MB 68.5 27.7 99.8
CADCAM 56.6 13.3 99.9
Cro 94.3 92.7 99.0
VMC 69.9 77.6 98.7
Zi 72.1 34.8 99.9
Cera 60.0 34.6 99.8
Pon 97.2 96.9 99.9 Pon 97.2 96.9 99.9
Implant 98.5 93.0 100.0 Implant 98.5 93.0 100.0
HRT 9.9 6.5 99.9
RT 23.6 16.8 99.8
CRT 80.6 61.6 99.8 1T 89.7 93.3 99.6
HIT 66.5 79.8 99.7
HET 74.9 25.6 99.9
SR 90.4 86.1 99.4 92.9 90.0 99.1

ZEBRMEEARERECTTTT = R=2AZHER L, &
VAT ATEAEBEOEAL Y Y ORERD L) I2TF—
Fy b EREZH =2 —F Ay M7 — 2 OFREERIT
HTET, WELY VL) MOBWREN LAMIECE S,
ANEBHEOHEEL Y v OREWRI LG, A NVA L —,
TIVHLT 4 VT, RNEEEOEEL D oHHITIE
ST EZEBTHIEDVANTHL L EZOND2D, R
WCHEB LSBT VT XA2BETHLERD S,
BAR AT) o@EELEENE L, HINERLTnS
PEPOZWIEARL AT LTHRTHLEEZONDD,
AR & AR O AR LR, ACER R OKEILE L
e TOZEDPLIMADEEZREZH =2 —F L
IV NT—7THBMTHI LML, HADOEEZNS
oD T IV T) A LDRBEPLETH 5o MADGEE
DFTEIZ Pell-Gregory 77482 & Winter 732 IZ L7245
TRHEEMIITH) T EDEF LA, Shintaro Sukegawa
5 1% CNN % H\72F: T Pell-Gregory 4748 & Winter 43
HefioTBY, K0 TR 80-90% DKL EM L T
528, Ry AT 2 L THAROBWIIE L 72 AT & 8
Br— R—2%2WEBLCBINT A2 LT, BAORERE
DB O RICFETH L EEZ b L, 7272 Lgaiik
BRIZBE U CIE M 2 s H 0 IR 2 51 2 B e v

32

ZEMD, SHBT—FEEMURESBH =2 —-F VA v b
T — 2 BRI T A I L CRESHIFTX B,

KT AT KT & RO RELBIE WD & % 0 RAIREEZ Wy
AT o720 PRI LR oW O L2 T
WA L WIRED NS 2 2 L 2 METLTw A2,
ROV AFLTRERT LI ENTE R, UL OER
RREFTHERINTEZ XH1Z, BIfFT—2 105567/
F—Yarolne s o< XBEGekEdg e Lz
M7 IV T) ZAWLETH D, F2HROY AT LTI
KABDARZENG L LTBY, RAEHRFEB X OFLH I
LTWiRWES, S8 Al VAT LOEFIIHIBORE
W DT — 5 2 UE LEMPE 52 L THIGHTREIC R S
LEZOND, REAEFIOT— 5 BHNC L) FLsk R E
R U O OBR A EOIREBWIATREE 2D, XD
LRI IRRES T AN BEIC 22 B 2 E IR T X B,

Ky AT 2id CNN R— 2 DHEBFE T F VIS X R
L7225, N I XMEERT — 8 X=ADFTFEITEW
T—FF 7 FyNBLEDL Al VAT LAORMZRT 52
LR ESBOEELBETH S, 7oL 213 Vision Trans-
former (ViT)?' 13 CNN X D & KW 2@z FEH T 5
ZENTE, L) ABOMEITE VEGERHERRE % Al
VATLAELTHEHZHEDTBY, SEFSFRIAIAD
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Table 6 7 A M H{EOIRFEZW (Figure 7) 1I2B1F 5 Al L HME O LK

NT::IZ};‘ 10 Conditions 20 Conditions Expert NTlorii)}:er 10 Conditions 20 Conditions Expert
17 In Metal Metal, C? 47 In Metal Metal, C
16 RCF, Cro RCF, FMC RCF, FMC 46 In Metal Metal, C
15 C 45 c?
14 C 44
13 43
12 CR CR AF 42
11 41
21 31
22 CR CR AF, Cor CR 32
23 33
24 Cc? 34 C
25 C 35 RCF RCF RCF, C
26 In Metal Metal 36 RCF, Cro RCF, FMC RCF, FMC
27 In Metal Metal 37 In Metal Metal

TR LEMEOZMICBNT, METIERWD, H O H 2IKEE C? L LTET,

ISR T =% 7 7 F X OURDHEAT VWS, KT AT LI -

ViT B0 ANB 2 LT, XD ZEBHEDRRLLZH O
WEYEIFTE %, $RVATATE T KOH
BT o 728 7 EOBI L VIRER, -
v A= % W7 RE BB D R THIRT 5
EHME LT A,

Ltk HEFEHICNICSEFEELETY T 4O T
< XMERIZE BT A NPLETHLD, L)L
R DX T < XMEROWE & R AT A OFHM % 17
IRENBH D, TNELZT A MRS L CTEEO
MIEDSBI 2 FEi L, EMEOBREARY 2T L DOBHO
B X UHliz 179 2L dME LT 5,

33

ARIFFERIEE LD DI2H2Y, N T< X HEIRONEL L O
7T =Y a O G THII I En e 2 iER LR ) =y
7 OB, FIHNAERZIE L & LIZHFHED T £ 120
POEHP LTSS £, ABWSIERY X7 2 OB 7R
S T2 720 T B H BB O AL WK, WSREME R,
BLUBKRS U=y 7 &R - H OBARRIERIZ 0 5 IEHH L
EFEy.

X

1. Ferrucci DA. Introduction to “This is Watson”. IBM dJour-
nal of Research and Development. 2012 ; 56 : 1-15.



PR 62 & 175

10.

11.

Erdaw Y, Tachbele E. Machine Learning Model Applied on
Chest X-Ray Images Enables Automatic Detection of COV-
ID-19 Cases with High Accuracy. International Journal of
General Medicine. 2021 ; 14 : 4923-4931.

Zhao W, Jiang W, Qiu X. Deep Learning for COVID-19 de-
tection based on CT images. Nature Scientific Reports.
2021 ;11 : 14353.

Wang X, Peng Y, Lu L, Lu Z, Bagheri M, Summers RM.
ChestX-ray8: Hospital-scale Chest X-ray Database and
Benchmarks on Weakly-Supervised Classification and Lo-
calization of Common Thorax Diseases. Conference on
Computer Vision and Pattern Recognition. 2017. doi:
10.1109/CVPR.2017.369

Zhang K, Liu X, Shen J, Li Z, Sang Y, Wu X, Zha Y, Liang
W, Wang C, Wang K, Ye L, Gao M, Zhou Z, Li L, Wang J,
Yang Z, Cai H, Xu J, Yang L, Cai W, Xu W, Wu S, Zhang W,
Jiang S, Zheng L, Zhang X, Wang L, Lu L, Li J, Yin H,
Wang W, Li O, Zhang C, Liang L, Wu T, Deng R, Wei K,
Zhou Y, Chen T, Lau JY, Fok M, He J, Lin T, Li W, Wang G.
Clinically Applicable AT System for Accurate Diagnosis,
Quantitative Measurements, and Prognosis of Covid-19
Pneumonia Using Computed Tomography. Cell. 2020 ;
181 : 1423-1433.

Panetta K, Rajendran R, Ramesh A, Rao S, Agaian S.
Tufts Dental Database: A Multimodal Panoramic X-ray
Dataset for Benchmarking Diagnostic Systems. Institute
of Electrical and Electronics Engineers, Journal of Bio-
medical Health Informatics. 2021. doi: 10.1109/JBHI.2021.
3117575

Chen H, Zhang K, Lyu P, Li H, Zhang L, Wu J, Lee CH. A
deep learning approach to automatic teeth detection and
numbering based on object detection in dental periapical
films. Nature Scientific Reports. 2019 ; 9 : 3840.

Tuzoff DV, Tuzova LN, Bornstein MM, Krasnov AS,
Kharchenko MA, Nikolenko SI, Sveshnikov MM, Bednen-
ko GB. Tooth detection and numbering in panoramic ra-
diographs using convolutional neural networks. Dento-
maxillofacial Radiology. 2019. doi: 10.1259/dmfr.20180051

Lee JH, Kim DH, Jeong SN, Choi SH. Detection and diag-
nosis of dental caries using a deep learning-based convolu-
tional neural network algorithm. Journal of Dentistry.
2018 ; 77 1 106-111.

Zhu H, Cao Z, Lian L, Ye G, Gao H, Wu J. CariesNet: a
deep learning approach for segmentation of multi-stage
caries lesion from oral panoramic X-ray image. Neural
Computing and Applications. 2022. doi: 10.1007/s00521-
021-06684-2

Wada K. Labelme: Image Polygonal Annotation with Py-
thon. GitHub Repository. 2021. doi: 10.5281/zenodo.5711226

34

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

KIF

AT RO XM E HIE L C—~ v 7 8 P B s
Z2WT—. HARBGHEAN A 2HERE. 20015 57(7) & 796~
802.

He K, Gkioxari G, Dollar P, Girshick R. Mask R-CNN.
Computer Vision and Pattern Recognition. 2017. doi:
10.48550/arXiv.1703.06870

Lin TY, Maire M, Belongie S, Bourdev L, Girshick R, Hays
dJ, Perona P, Ramanan D, Zitnick CL, Dollar P. Microsoft
COCO: Common Objects in Context. European Conference
on Computer Vision. 2014. doi: 10.48550/arXiv.1405.0312
Abdulla W. Mask R-CNN for object detection and instance
segmentation on Keras and TensorFlow. GitHub Reposito-
ry. 2017. https://github.com/matterport/Mask_RCNN
Suzuki S, Abe K. Topological structural analysis of digi-
tized binary images by border following. Computer Vision,
Graphics, and Image Processing. 1985 ; 30 : 32-46.

Tan M, Le Q. EfficientNetV2: Smaller Models and Faster
Training. International Conference on Machine Learning.
International Conference on Machine Learning. 2021. doi:
10.48550/arXiv.2104.00298

Ridnik T, Ben-Baruch E, Noy A, Zelnik L. ImageNet-21K
Pretraining for the Masses. NeurIPS Datasets and Bench-
marks. 2021. doi: 10.48550/arXiv.2104.10972

Kingma DP, Adam JB. A Method for Stochastic Optimiza-
tion. International Conference for Learning Representa-
tions. 2015. doi: 10.48550/arXiv.1412.6980

Abadi M, Barham P, Chen J, Chen Z, Davis A, Dean J,
Devin M, Ghemawat S, Irving G, Isard M, Kudlur M, Lev-
enberg J, Monga R, Moore S, Murray DG, Steiner B, Tuck-
er P, Vasudevan V, Warden P, Wicke M, Yu Y, Zheng X.
TensorFlow: A system for large-scale machine learning.
arXiv preprint. 2016. doi: 10.48550/arXiv.1605.08695

Pell GJ, Gregory GT. Impacted Mandibular Third Molars:
Classification and Modified Technique for Removal. Dental
Digest. 1933 ; 39(9) : 330-338.

Winter GB. Principles of Exodontia as Applied to the Im-
pacted Mandibular Tird Molar: A Complete Treatise on the
Operative Technic with Clinical Diagnoses and Radio-
graphic Interpretations. American Medical Books. 1926.
Sukegawa S, Matsuyama T, Tanaka F, Hara T, Yoshii K,
Yamashita K, Nakano K, Takabatake K, Kawai H, Nagatsu-
ka H, Furuki Y. Evaluation of multi-task learning in deep
learning-based positioning classifcation of mandibular
third molars. Nature Scientific Reports. 2022 ; 12 : 684.
Vaswani A, Shazeer N, Parmar N, Uszkoreit J, Jones L, Go-
mez AN, Kaiser L, Polosukhin I. An Image is Worth 16 X 16
Words: Transformers for Image Recognition at Scale. Inter-
national Conference on Learning Representations. 2020.
doi: 0.48550/arXiv.2010.11929



