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( Abstract)

The paper elaborates the application situation of Artificial Intelligence ( AI) in endodontics, covering diagnosis, treat-

ment, prediction and other aspects, and analyzes the challenges, including medical data collection and medical ethics issues, so as to

provide references for clinical diagnosis and treatment in this field.

( Keywords )

1 3§
ANT#He (Artificial Intelligence, AI) J&H] FH#L
AU AR BEAT N EOR . A8 - ZRB T 1955
RN CNLTEEE” i, NPRMBALES TR T
BRETS BG4 iAo o R N TR REAR G
SRR N TR Z M4 e e R & i N T8 RE
Bkz—, HHMETHESL RSB r 22 K
Yo PSR T A AT LD 0 Al 4 2 P R
ROk, FE TR 4G, DESERHE
IRL S EA L B 1) e el i R R E ) - 3
X MR (RSN S) PLR = 4E 5 a2
A (Cone Beam Computed Tomography, CBCT) 4§,
N EABGRE AR N DR A A B T s 1

fiE
%:I

(WisHEE) 2021 -02 -25
(MEE®EN) B, wit, B, KRie3C1E,

Artificial Intelligence (AI) ; deep learning; stomatology; endodontics

WERHSWT IR PE A 2. AL SR Z T 1
PR AU, TR S ARG PR A
SFHER R R L ARGy, AR R B A
IR EEARIE R NI ARG A i SRR Bk
5o MTAFR AL B SR AF BERHBOR A ST 582 4
ZIPATBAF R . A SCE R AT 18 H s B A R 2F
W R D2 T . T8 R TN 5 T A A i
fradh, DHDRZOusin K2 T i itE%

2 ANIEEEFETERTHINEA
2.1 Al HiBh 2 5 BER IS T

2. 1.1 g WO RERLE W, JEAE LA R
EMZMNRZET, F AU A8 AT
BB, FIIREL, ARG . HE K
AT A AR T B TR A A O R o e e
Kt kB, WA ERE AR AE (EiFes. R
R ) B Z R, HIE A I 147 4 e S5

<63 -



EFERSRE 2021 F542 559 8

JOURNAL OF MEDICAL INFORMATICS 2021, Vol. 42,No. 9

AR TH, HEARF . 2BRYSZ > NE5¥
me, L H B AR — B 1 5 2SR T R RS i 4
A2 W, A2 R B NN T R A e ix — [a)
Horp B 2 W 4% ( Convolution Neural Network
CNN) 0 T At B8 2 Bh i, anit- 5843
PrELBs X 25 LIS gL' | ot b s il
PRI RE R A5 Lee J H, Kim D H #l Jeong S
N 2V TR S B M e,
3 0005K AR A Y ZR A X5 145 19 12 Wi Be /1, 45
SR W I 2F R0 2F AR R il 15 12 W TE A R
82.0% o B LAEHTEE A P AR 11 AUC {HH
0.845, RURBAF, 2 —FE B MR EAR, HIN
BT IS Rl B R ARBOR , HOUR s 3
VeI A I (B 5 A E B R ZY) X4l
ANCE R A7 7E 2 5. Casalegno F| Newton T
il Daher R 25 315 F UL 1AM EB IR, SRS 2
SRR R A O O A AR, S 2 B AR AR L
AR EE S7, For 0 T 2 U A TR A7 1) i O
K H 2R3k 83.6 % , Schwendicke F, Elhennawy K FlI
Paris S 451 JF 6T AT e AT LT S5 45t 1A 4]
BT 8 15 AH DCRIF 9, 25 5 3 B AR R M e A
U o AEARE R MR X B I UM R IR 2 B AR 2, AR AR
HHZEO WM, 5 PRE 0] REAE A — R 25 R
{H2 X R LI NGB AU 7 (8, % T 1L Zhang
X, Liang Y I Li W 21" 5LF 5 Bl 2 R 4% 1 1 1
PO RGE, MRS TR 1 AR v R 0 A
BN [ 1% 5 408y 81.90% 3% 6 IR H- ke 1 358 1Y
PRPAIHL, X TRIKHE., W18 ARMAET N
Wl V5 T A2 i B B S

2.1.2 RERER KA THREFEA LU0 R A
PohR, MFRAMARJE % . Setzer F C. Shi K J Fl Zhang
7 % LT U — Net SR R JE 2 ) 5705 U #
CBCT AR EI R IO AR X . A 5 X B 8%
X, BEMEHXFIT SRIX, 7RIS R AR ] 55 A8 i 52
PRSI RS AR AR S 25 5, AR SR 8 At oA o
}193% . Orhan K, Bayrakdar I S I Ezhov M 2"
XF 153 AMHRIRJEAE CBCT S84 N T8 Rk,
HTREMR 92.8% , RUPET IR JE AL
BRERGIEM L CBCT FMGRINAR R J a7 7y 1h HA
.64 -

I PRI B . BEA MG 2 R PR B A Rl 22 M 2 4
A5 UG AR, SRR

2.1.3 AR WUWHAETRIIr, i RAEET
WRIMITRIF, BRI & AR AR, R
Dy R NTERERT LT R B2 Wi A RN Hr . Jo-
hari M, Esmaeili F il Andalib A 25" 35— Rl %
2 ™M 2% ( Probabilistic Neural Network, PNN), D)
WATARLRE X 28 B F1 CBCT F i Wi AR & B AR AE Y
1, HERRFIE 96. 6% . H (e CBCT E& F AR L
PR X R e (2 S A — )
FRAE, WFFE B AT S o H RN B oV 4R ik
(R RIZEAE , X5 SEBR O N B DUAFE 22 5% . Fuku-
da M, Inamoto K Fil Shibata N Z£!") Ff J& %5 Bk 22 ]
AR A B PR DN AR AT A Y, B 93% 11
WERR A2 BT RE 45 1E S HRKFAR
e o B RO B . R R AR M

2.1.4 ZAF NERNFINE, RERIERTHZ
HNZ H: ) F 15, Kuwada C. Ariji Y F1 Fukuda M
SEPU DI A B UG BT R 42, HoR 3 R
) FRGEXEGR L ZES (T ESETAFX) &
MR R R LB A “ DetectNet 487
WA e, A B RY) A X 2 A A R 4 S B
AN HAMA. HIMZ RGO E T A sk

2.2 Al HHBhIF K S BERIATT

2.2.1 2v% FWFEEEHAITTRESE D — D
s B A Jg i T D 1) i R 2 I, b 2R O T LA
TRIT IR AT AN VT AR o I B s 2 28 E RN, &
5 i3k 6 % 4 . Mallishery S, Chhatpar P Fil Banga
K S %12 5l — Rl LS 2 ) vk, T LAFS B
s B KO-, R ER AL A Bk iR 5 4312 I 4
RS

2.2.2 MBI CRAE AW T ARG
I, A RIRE HFITIHEKE, &
PR TR, NI Ik B e . B s
HEAR 2R F 95 A8 AL B AR AR R R e AE & AR A H
(9 T AT A . e I B A e R
PRIRIT F B Z —, HIRY7 st e AR 1 DL A i &
Ao BIANTRARES 1B A S AR A I S AN R 1 AR



EFERSRE 2021 F542 559 8

JOURNAL OF MEDICAL INFORMATICS 2021, Vol. 42,No. 9

B, R RIR A 2 B AR IR IT OR . Hiraiwa
T, Ariji Y I Fukuda M 25" R38R 8 2 o) R G0 1
S X G I R ARES 1B 3 Hh AR 5 A7 A
SNFRE, ERa%RIk 86.9% |, X IR IAYT B —
SE T o MVEIRIT AR AR A TR K I v
A, HAYHE N ARG 20k T I 407 Ab it
AREBIEAIT B ™ o g T A TS
W28 R G X i TARK RS, B 93% mifE
iR, Tl o R T B R R R

2.3 Al #58) ZF R 7T B m T

2.3.1 FE  ONTHEBERIN C P Y 5B T4
BT IRARRERA DR, AR EL . AA5iT
2 AT A DL R I R A, it e e T
RETRNAST AR 09503 A B = 1) i DG -455 Bl
FE RS, LA TTAER A o
2.3.2 FWAMRARREHBREN ANLEREW
DITEANTTZEHEAT IR RS 2 15 0 000 A4 A e 2 g
BRI, EAMEE ™ SR T2 M4 g Ber
B, R ABIR AR AENE . W EARDL . A RIZEHY . R
SPGB B P 2 S IRIR TORHSE . i B
S RERZRIRT] 80% LA Lo ZWFRERIIFI TN THZ
L8N A St B T A A T IO B AT A T SR R T
2.3.3 BEANTHLEETN 0BT EHM KRR
Hung M. Voss M W I Rosales M N 25"/ $ Fy
2015 - 2016 4 FE4 5 #7015 8, AR, 4
% REEWA . ZHEHOERE 1 U R BE
)55, W BEHOAR, AR R4 T 2 T
SE AR BT AL AR A%~ S AR T R )
RN 97. 1% , MiHhZ T AN 0.997, WF5E &
PRAE WS 2 5 MU f 2% DIAH G YRR AIE o I LT 5 v B
TEENLA 7 AR IR AF, AR GETE B A R
IR R NGO YNBEi il nas s

3 ANIZeHNAREFHRKMESN

3.1 Bk

3.1.1 EF#HEREFA HAT N TR AR T
<L 7 P S e A S A e T

MR B BN ZRYORE, T 550 A I o B
At DL T 22 A RO R 0 15 B I T AE 22 5%,
SNSRI M ERIR Y e BR R
H sz B R A U AR O T, 0 4 K IR B 1M
CBCT (715 P15 DR Ay ik R AL 2 1 016 4% 15 Py S [ T
EEFI . WAMIFTE T RATAELE S, N T RETEL W
BT AR SIS P TR A PR R IR] , A4 205 1 AR
PRABRH . BAT X IR R e B |
PREEORTR, AR AT | IR 2
bR, o s 2w A GE L IR
SCRFTATF SR, ME TR A A AR RIS s, 3%
WA N TR R — TR 45
3.1.2 EpEEE AR ESSIQE
TR I 27 B ) 32 o7 FH A 23 B A5 I A R 5 L ) £
1F, T2 A TR s W wifi ol < B 170
JEUPR 22— Ji LB 2 5 T N2 A A T AL R AE
BG4 PR R A A BRI N ZEAE T, St
fEAERE . AT RE R T VG T2 A () R, M
T RES IR H G 755 A 0 S BOR ABER, Y
i AL SR X HAE ™, W AT
B PR L 9 R P 5 7 W 0 18 5 7 5 A i e AT
BT, AT BB P & R O 5 R 2 % A e fil e
SRR E T A A A 3T B B LA A L
Fr s, AR eSS B B IR 2
(R PR S

3.2 RREN

PRI 2o N 2R RS ik I A v 0 1 =
Bl R A B BE s & 0 O R F SR U
AU R R A R A L TR S, R T
NLEREHARRIEEM . M A EEAm S, ANLH
RERE—MARCGHBI TR, A THE2WEES . I
BTAEGA, DLSERRAS SE B2 AR 1 e
e, fetARt R,

NI BEAE M BRI et , DU R i
R, AW YT RS B 5 R e
.65 -



EFERF

G 2021 FFEE42 BFEI R

JOURNAL OF MEDICAL INFORMATICS 2021, Vol. 42,No. 9

WEFAOME, SRIMTEREARIL

& BHTEEST 7 1h] 1 e P

o I TEE BT AAAM ARG R IR UE, R,
WAl SRR RS, N TTRRER IR E, Al B

o ARANTH
FHM N,

REBNAT I 9 11 i PR A JRR I ARSI FR
AWTTE AL HERN I BE SCHF o

S 3Lk

10

11

McCarthy J. Atificial Intelligence, Logic and Formalizing
Common Sense [ EB/OL]. [2020 — 04 - 20]. hitps: //
www. doc88. com/p - 74059492378054. html? r=1.

Burt J R, Torosdagli N

, Khosravan N, et al. Deep Learning

beyond Cats and Dogs: recent advances in diagnosing breast
cancer with deep neural networks [ J]. Br J Radiol, 2018,
91 (1089) . 20170545.

Shan T, Tay F R, Gu L. Application of Artificial Intelligence
in Dentistry [J]. J Dent Res, 2021, 100 (3): 232 -244.
Khanagar S B, Al - Ehaideb A, Maganur P C, et al. Devel-

opments, Application, and Performance of Artificial Intelli-

gence in Dentistry — a systematic review [ J]. J Dent Sci,

2021, 16 (1), 508 —522.
XPgbE . AR O EE2 [J]. hEOEE#RE,
2020, 55 (12): 915 -919.

AR, A AT REBARAE D s B 2 s i) 1o FH F
B[], OEEERE, 2020, 36 (6): 519 -522.
Monte — Santo A S, Viana S V C, Moreira K M S, et al.
Prevalence of Early Loss of Primary Molar and Its Impact in
Schoolchildrens Quality of Life [ J].
2018, 28 (6): 595 —601.

Becker A S, Marcon M, Ghafoor S, et al. Deep Learning in

Int J Paediatr Dent,

Mammography : diagnostic accuracy of a multipurpose image
analysis software in the detection of breast cancer [ J]. In-
vest Radiol, 2017, 52 (7). 434 -440.

Esteva A, Kuprel B, Novoa R A, et al. Dermatologist — lev-
el Classification of Skin Cancer with Deep Neural Networks
[J]. Nature, 2017, 542 (7639). 115 -118.

Gulshan V, Peng L, Coram M, et al. Development and Val-
idation of a Deep Learning Algorithm for Detection of Diabet-
ic Retinopathy in Retinal Fundus Photographs [J]. JAMA,
2016, 316 (22). 2402 -2410.

Lee J H, Kim D H, Jeong S N, et al. Detection and Diag-
nosis of Dental Caries Using a Deep Learning — based Convo-

lutional Neural Network Algorithm [ J]. J Dent, 2018

- 66 -

12

13

14

15

16

17

18

19

20

21

22

(77): 106 - 111.

Casalegno F', Newton T, Daher R, et al. Caries Detection
with Near — infrared Transillumination Using Deep Learning
[J]. J Dent Res, 2019, 98 (11). 1227 -1233.
Schwendicke F, Elhennawy K, Paris S, et al. Deep Learning
for Caries Lesion Detection in Nearinfrared Light Transillumina-
tion Images: a pilot study [J]. J Dent, 2020 (92). 103260.
Zhang X, Liang Y, Li W, et al. Development and Evalua-
tion of Deep Learning for Screening Dental Caries from Oral
Photographs [ EB/OL]. [2021 — 04 —08]. https: //
www. researchgate. net/publication/347197611 _  Develop-

ment_ and_ evaluation_ of_ deep_ learning for_ screen-

ing_ dental_ caries_ from_ oral_ photos.

Setzer F C, Shi K J, Zhang Z, et al. Artificial Intelligence
for the Computer — aided Detection of Periapical Lesions in
Cone — beam Computed Tomographic Images [J]. J Endod,
2020, 46 (7). 987 —993.

Orhan K, Bayrakdar I S, Ezhov M, et al. Evaluation of Ar-
tificial Intelligence for Detecting Periapical Pathosis on Cone
- beam Computed Tomography Scans [J]. Int Endod J,
2020, 53 (5): 680 —689.

Ekert T, Krois J, Meinhold L, et al. Deep Learning for the
Radiographic Detection of Apical Lesions [ J]. J Endod,
2019, 45 (7). 917 -922.

Johari M, Esmaeili F, Andalib A, et al. Detection of Vertical
Root Fractures in Intact and Endodontically Treated Premolar
Teeth by Designing a Probabilistic Neural Network: an ex vivo
study [J]. Dentomaxillofac Radiol, 2017, 46 (2): 20160107.
Fukuda M, Inamoto K, Shibata N, et al. Evaluation of an
Artificial Intelligence System for Detecting Vertical Root
Fracture on Panoramic Radiography [ J]. Oral Radiol,
2020, 36 (4):. 337 —343.

Kositbowornchai S, Plermkamon S, Tangkosol T. Perform-
ance of an Artificial Neural Network for Vertical Root Frac-
ture Detection: an ex vivo study. [J] Dent Traumatol,
2013, 29 (2): 151 -155.

Kuwada C, Ariji Y, Fukuda M, et al. Deep Learning Sys-
tems for Detecting and Classifying the Presence of Impacted
Supernumerary Teeth in the Maxillary Incisor Region on Pan-
oramic Radiographs [J]. Oral Surg Oral Med Oral Pathol
Oral Radiol, 2020, 130 (4). 464 -469.

Mallishery S, Chhatpar P, Banga K S,

et al. The Precision

of Case Difficulty and Referral Decisions: an innovative au-



EFERF

G 2021 FFEE42 BFEI R

JOURNAL OF MEDICAL INFORMATICS 2021, Vol. 42,No. 9

24

25

26

27

28

29

30

31

£F (E4EL%23) A
“BEMA G R ABXRBNER WP

+
+
1
t
i
+
+

%%ﬂ%*%miﬁh%%hﬁ,ﬁ%ﬁL B, SR
| MRS i H . FNEA
I 7 B AR b B T Lt

tomated approach [J]. Clin Oral Investig, 2020, 24 (6) .

1909 - 1915.
BERISC . AR B4 R [M]. dbad:. AR
H AL, 2012.

Hiraiwa T, Ariji Y, Fukuda M, et al. A Deep —learning Arti-
ficial Intelligence System for Assessment of Root Morphology of
the Mandibular First Molar on Panoramic Radiography [J].
Dentomaxillofac Radiol, 2019, 48 (3): 20180218.

Baugh D, Wallace J. The Role of Apical Instrumentation in
Root Canal Treatment: a review of the literature [J]. J
Endod, 2005, 31 (3): 333 -340.

Saghiri M A, Asgar K, Boukani K K, et al. A New Approach
for Locating the Minor Apical Foramen Using an Artificial Neu-
ral Network [J]. Int Endod J, 2012, 45 (3): 257 -265.
Saghiri M A, Garcia G F, Gutmann J L, et al. The Relia-
bility of Artificial Neural Network in Locating Minor Apical
Foramen: a cadaver study [J]. J Endod, 2012, 38 (8):
1130 - 1134.
Al Haidan Ali, Abu - Hammad Osama, Dar — Odeh Najla.
Predicting Tooth Surface Loss Using Genetic Algorithms —
optimized Artificial Neural Networks [ J].
Methods Med, 2014 (2014 ) . 106236.

Hung M, Voss M W, Rosales M N,

Comput Math

et al. Application of
Machine Learning for Diagnostic Prediction of Root Caries
[J]. Gerodontology, 2019, 36 (4): 395 —404.

Hosny A, Parmar C, Quackenbush J, et al. Artificial Intel-
ligence in Radiology [ J]. Nat Rev Cancer, 2018, 18
(8): 500 -510.

Schwendicke F, Samek W, Krois J. Artificial Intelligence in
J Dent Res, 2020,

Dentistry ; chances and challenges [J].

99 (7). 769 —774.

T B A AR O T AR AN S SRR B fE

T

t

33

34

35

36

37

38

39

40

Prados — Privado M, Garcia Villalon J, Martinez — Martinez C
H, et al. Dental Caries Diagnosis and Detection Using Neural
a systematic review [J]. J Clin Med, 2020, 9
(11) . 3579.

Greenspan H, Ginneken B V, Summers R M. Guest Editori-

Networks :

al: deep learning in medical imaging: overview and future
promise of an exciting new technique [J]. IEEE Trans Med
Imaging, 2016, 35 (5): 1153 —1159.

Hwang J J, Jung Y H, Cho B H, et al. An Overview of
Deep Learning in the Field of Dentistry [J].

Dent, 2019, 49 (1). 1 -

Imaging Sci

Anifowose F A. Artificial Intelligence Application in Reser-
voir Characterization and Modeling: whitening the black Box
[ C]. Dhahran: Proceedings of the SPE Saudi Arabia section
Young Professionals Technical Symposium, 2011 14 -16.
Hauser — Ulrich S, Hansjrg Kiinzli, Meier — Peterhans D, et
al. A Smartphone — based Health Care Chatbot to Promote
Self — management of Chronic Pain (selma) : pilot random-
ized controlled trial [J]. JMIR mhealth and uhealth, 2020,
8 (4): el5806.

Keskinbora K H. Medical Ethics Considerations on Artificial
Intelligence [J]. J Clin Neurosci, 2019 (64): 277 -282.
Currie G, Hawk K E, Rohren E M. Ethical Principles for the
Application of Artificial Intelligence (AT) in Nuclear Medicine
[J]. Eur J Nucl Med Mol Imaging, 2020, 47 (4). 748 —752.
Chen Y W, Stanley K, Att W. Artificial Intelligence in
Dentistry: current applications and future perspectives [ J].
Quintessence Int, 2020, 51 (3). 248 —2573.

Recht M, Bryan R N. Artificial Intelligence: threat or boon
to radiologists? [ J]. J Am Coll Radiol, 2017, 14 (11).
1476 - 1480.

G GO GV O S

BT, WESEIA, MBI RS, (B REEAGE) CIEURM BHE |
S LA AR SR 4 R AR Y 4 S R RO ﬂz
—HAEAG AR WA 2 TR A LRI T N, A |

B B RAEE A SRS PR ™ L T SmIERASE, AR AT A B R

<<r—'3‘/rﬂ'\.>'3‘71<‘lu>> %%FJF+

s mpmsmfmor e oot mfmst st —mst s mfmtr s et ettt e e mfmst s ettt st mfmst oottt st mftmfmst st st et mpmst s

- 67 -



