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Detection of Proximal Caries Lesions with Deep Learning Algorithm
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— Abstract

interproximal caries in pediatric intraoral radiographs.

AUC of 0.86.

This study aimed to evaluate the effectiveness of deep convolutional neural networks (CNNs) for diagnosis of

A total of 500 intraoral radiographic images of first and second primary molars were used for the study. A CNN model
(Resnet 50) was applied for the detection of proximal caries. The diagnostic accuracy, sensitivity, specificity, receiver
operating characteristic (ROC) curve, and area under ROC curve (AUC) were calculated on the test dataset.

The diagnostic accuracy was 0.84, sensitivity was 0.74, and specificity was 0.94. The trained CNN algorithm achieved

The diagnostic CNN model for pediatric intraoral radiographs showed good performance with high accuracy. Deep
learning can assist dentists in diagnosis of proximal caries lesions in pediatric intraoral radiographs.
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Fig. 1. Key aspects of artificial intelligence.



J Korean Acad Pediatr Dent 49(2) 2022

ofof osf A=A F HARRZES| TITHO| LX[SHA] ghe Of 7l &AM AFEI2 INFINITT G3(INFINITT Healthcare Co., Ltd,
A0l ARCHAOIM M QSHACE HM1STX|Qt H28T7X 2 Seoul, Korea) PACS A|AHI0 DICOM ¥Al02 MEE[ULCH.
I THO| FotolAH HBE FLITAY ATIS gLz 51D, ATL0| AHE S FLIZAM AFEI2 PACS A|ARICRE FYE
H1RTXe M2eK AtO]2] QIEE AH0| ZMM ATYH 2/53510] JPEG A2 MYSIALL A= StE52 asXe
RAOf ZILto] of2 Z%, A™H AY+5E0| U= R, 2 A[HBH| RIeHM SO X2 AZE K172 H2F A
FTAER0 TR 52 22 ZRc AAUL0AM K2l o| QIS EHStE=E 5t0] Adobe Photoshop(Adobe System
oICt Inc, San Jose, CA, USA) 2 O|83%t0] O|0|X|E ZetLi RACtFig.

flol M 7|F0f ety 3702l XA oZl F 500 2). &% X[ot= R5F FYof Yot S Soff 5t X|oret Z42
K FLHAR ATEIS A0 AFSSHRALE A”EHLA0] A HEiZ MYSIALE. FAAH L S-S S 40071(80%)2|
= 2= 24371(48.6%) R0 QAXHLAO| QPSO2 FICHE E(training) X S (validation) XAFZ 2, 1007H(20%)2| B 7 test)
AT X|ot 82l 2577H(51.4%) R Ch(Table 1), EARM ALZI & AEro2 ot KO A0] Qe b X0t A{0] 2
g 220 mat S FE2 1507H(30%), SHAZHEE 2| 17074 BEX| g2 o QY2 44 2SO Hi2= =5 SHCt &
(34%), AL EE29| 907l(18%), HAZFEEL| 907(18%)2 O] & A2 2, 2, 7|29l At2 F5Z H(data augmenta-
FOAL. tion)S Sl O|0|X|E SEAIA o5 2tE =Lt

2. Atz o HAE 3. 9548y EaE|Fe

TUZARE AIZI2 CIXI8 282 AHESI0 BEEStE A Python 210{= SHE SEHO = X80t QB Z2|EA], 24
2GS 2AH0f et 2YotALE. S| SR/ FFAI 4 H XA et @10{0|Ct. python A0S AMESIH ZEE 2
Kot 28 HAHO[ RHX[C] 1/2 0| #IX|5HA ot S CHoh ZhadtA Zde &= A0 Z2aiFe Hestd = As
APEO] M1t M2RTX2l A E HEEL2 o, ot 0| ULk tFZ2 7|Asks X dEsts ZYgHas2
WSO MRS H#E2 AYSHRACEL HSA T2 60 python 2101 7|gte 2 RS O{F ALt python A0 E K|t
kv, 28 F= 7 mA =EAIZHES 01622 HHSIRUCE O|HA & Ct
Table 1. Descriptive characteristics of image datasets

Number of cases (%) Mean age (Min - Max) Gender (%)
Caries 243 (48.6%) 53(3-8) M: 513, F: 48.7
Normal 257 (50%) 54 (3-8 M: 473, F: 52.7

Total 500 (100%) - -

Fig. 2. Examples of cropped intraoral radiographic images for training. (A) Caries dataset. (B) Normal dataset.
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Table 2. Python libraries in deep learning analysis

Library Explanation
Tensorflow Computational framework for machine learning models.
Keras Fast and easy experimentation for neural networks.
Can run on top of TensorFlow and Theano.
PyTorch Computational framework that supports computer vision and machine learning.
Fastai Provides high-level components that can run on top of PyTorch.
Numpy Provides mathematical functions for large multi-dimensional arrays and matrices.
Pandas Data analysis designed for relational and labeled data.
Scikit-learn Provides supervised and unsupervised learning algorithms, data mining and data analysis.
Matplotlib Data visualization library to produce 2D and 3D plotting.
Theano Optimizing compiler for evaluating mathematical expressions.
SciPy Offers scientific computing modules for linear algebra, image optimization and signal processing.

Python 210{= 2& 7ty ZHESH 7[2HQ 7|S2h Zastl o/ AFOM= 400742] of5 S 7t A2 E ALY
A= 7I=H el BrE 2/0f 2to|22{2|2tn ot= F7HHel 74 DE 2HS AL, ZEO[ SHE2 epoch: 500, batch: 16,
2ASE S0t M8E 5 ULt dFSE A9 7|H0] &= learning rate: 0.001 St A} A|&SHRALE. 0= A HO|H=
ZHYAI= & tensorflow?t pytorchS EO| AHEdt ULt 5008 Eh= StES AlASHRAL, ot SHE0| SAI0f 16712 Of
£3] ATFEOF0M = pytorch2| AFE0| 2L s0{Lt RUCE 2 ORI & stsAlzi2n, XXzt oIS HOLA| @1 o520
oo ASctes 240 oYt 2t0|2212[S0] AF8EH 2 g5 MeHAIZIX| 2 FE2| £[HQ learning rateS HOf
29t 2to|22|2t MY 2 Mg 7+SOICH(Table 2). a2 AMIAIZCHE AS ofn|ettt

=F9| APIQ! PyTorch Z2 Y92 E 7 Z2a2Y 0= Pythong AHESIAL oHE U BIh 1bg

Btoz NF9| 7|52 Holste 7|2Hel M HAE NS 2 Nvidia Tesla K80 GPU &4 2 HM3&3l= Google Collabora-
SiC} MEtM D=FQ| ZEE AHESHY ZtThstn wEA| bzt tory &4 E2tRE AFHOIM A[RSHIACHFIg. 3).

o AYXATZ FAM Z|Mo| MBES TS EEY = AU

A & =Lt ST & H5=F2| AP EHAOM 213X|s BH

O 30| 7tsotH ot ROl 52 SMAH = A= 7H ) ]

. — ey = ( i Bitewing radiographs
40| o, atE U HILE Aldste IE0| d2fE 2 0{(GPU) Intraozﬁlzra;(l)%g)raphs Periapical radiographs
£ &8¢17] 20 ST AMS WEA T 5+ Jcts FHO| |
ot : / \

Training & validation set Test set
(n=400) (n=100)
4. 20| 3 U ‘
/// \\\
Fastai 2t0|E2{2[0M AL 753t 2laAldd 2 F 0|0
o « . N Model Training f )
X 240 Flojt 452 7K1 U= AHHEHE =l ResNet50 &2 - Resnet50 Trained model
WS ALRI0] TO|SE S AlSIQICh F OS5 0|3 Ctatol of ks -
OX|E HESZ AMHO| O)2 &&= A3y -l JEXE h .
b QM K|otRAl S ZIESt= REO| HEHSA StEAl7|= .
gt MojaEE2 Alde 2o BE2 M2 £=9| H|o|H Pe”‘:;i’r‘;sy‘?‘éaéft'on
£ 7M1k Yot= MM E SidS &= U= SR ABE 2 h g
2o| 2#0| 7ts5Ch= Fo|Ch Fig. 3. Diagram of the artificial intelligence model.
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Fig. 4. Confusion matrix on the test dataset.

Table 3. Performance of artificial intelligence model

Measures Value Derivation
Accuracy 0.84 (TP+TN) / (TP+FP+TN+FN)
Sensitivity 0.74 TP / (TP+FN)
Specificity 0.94 TF / (TN+FP)

TP: True positive, TN: True negative, FP: False positive, FN: False negative

Receiver operating characteristic (ROC)

Sensitivity

g —— ROC curve (area = 0.86)
0.0 %= : . . .
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 5. Receiver operating characteristic (ROC) curve for the
test dataset.
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Fig. 6. Suggestion for future research. (A) Object detection. (B) Segmentation.

o o |
Alg &5t

(01
i
>t
>+
o
o Ir

il
)
30

-]
>
N
=
oy
Ral
=t
A
L)

mjo

m

o> 1o
ro
oz ne
2 R

e 1R
-4
mn
o
™

rot
n
rg
0 0%
>
32
> -
[
4o do
1= >

rooop
2 1% Jo

rir Ho
e Hr 1> o

HoAr
a1

2

©

Tt

=

Ot

u

mjo
oy
Ih
fr - Ok

ru
m
o
rlo mi
T oo
0
rir H
ﬁ
>t
Hl||'|.|
-
>
=
B
|'||'
N
-

my =
>t
o
o
1=
I
oX
=

ol
o
ko

o
[0 2

=

o

H

2

4o M
ald

o

[l

il
LI
ani
pri=|
bl
HL
mjn
>
Okl
for 4>
o
<
>
(RS

fo

Of

=

o

m|m :|>? z
o =
2
30 Ho

S o
o

=
(@]

S
et
i

ol

b

10

>4

il

)

Ras
e
N
oF
>
X
>

A
2
x
Hr
M
ni
o
fot
ot
N RonE
bl
— Tlo
o
Hr
mju
=1
(0]
Ot
rlr
ro
Ok
Rl
olr
> T
ra

<
I
ru

o

>

> 1R

N

oE
S

rit

Pal

10

M|

I riot
[Rais
>t

e

N

r
Ot

u I

=
ie)

e b
_C')_

T ok

o 3

oo mz
Of Mo o=

2 4o
Ho

_>'-_I’E
™ re
2
xz 2
o X

Ir

o

9

n

r>=

oy

o 02 oot h

>
o

oo oz
>

i

lo

_n
]
AL

a

L |

[0 nm

b
2o
ret

>

2 o rjo M
>
o é

of
3Q
o
i
4

ne
lo
o

ot 39
o2t R
oF
F o @
moop ‘%
e 3 o
ol 3
Of mjo
rn
4y I
R fHy o
of% lo &
& o
oy~
2 M o
o 3o
-y
oy -
llo 4o
— 1=
J% mjo
0
H
ks [
- NE
5] ok
ro E-L): rir
= o
rfn m
n H1
> o -4

sl
inl
ox
ot
rot
okl
Rl
or

N
[
==
2
*
o

Authors’ Information

Hyuntae Kim https.//orcid.org/0000-0003-2915-8584
Ji-Soo Song  https.//orcid.org/0000-0002-4469-5903

Teo Jeon Shin  https.//orcid.org/0000-0003-4499-8813
Hong-Keun Hyun https.//orcid.org/0000-0003-3478-3210

Jung-Wook Kim  https.//orcid.org/0000-0002-9399-2197
Ki-Taeg Jang https.//orcid.org/0000-0002-4060-9713
Young-Jae Kim https.//orcid.org/0000-0003-4916-6223

References

1. Pitts NB, Zero DT, Ismail A, et al. : Dental caries. Nat Rev
Dis Primers, 3:17030, 2017.

2. Featherstone JD : The science and practice of caries pre-
vention. / Am Dent Assoc, 131:887-899, 2000.

3. Sheiham A : Dental caries affects body weight, growth and
quality of life in pre-school children. Br Dent J, 201:625-
626, 2006.

4. Selwitz RH, Ismail Al, Pitts NB : Dental caries. Lancet, 369:
51-59, 2007.

5.Eli I, Weiss El, Kaffe |, et al. : Interpretation of bitewing ra-
diographs. Part 1. Evaluation of the presence of approximal
lesions. J Dent, 24:379-383, 1996.

6. Weiss El, Tzohar A, Eli |, et al. : Interpretation of bitewing
radiographs. Part 2. Evaluation of the size of approximal le-
sions and need for treatment. J Dent 24:385-388, 1996.

7. Akkaya N, Kansu O, Arslan U, et al. : Comparing the accu-
racy of panoramic and intraoral radiography in the diagno-
sis of proximal caries. Dentomaxillofac Radliol, 35:170-174,
2006.

8. Schwendicke F, Tzschoppe M, Paris S : Radiographic caries
detection: A systematic review and meta-analysis. / Dent,
43:924-933, 2015.

9. Chan HP, Hadjiiski LM, Samala RK : Computer-aided diag-
nosis in the era of deep learning. Med Phys, 47:218-227,
2020.

10. Russel S, Norvig P : Artificial intelligence: a modern ap-

137



J Korean Acad Pediatr Dent 49(2) 2022

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

proach, 4th ed. Pearson, Hoboken, 1-5, 2021.

LeCun Y, Bengio Y, Hinton G : Deep learning. Nature, 521:
436-444, 2015.

Rusk N : Deep learning. Nature Methods, 13:35-35, 2016.

. Albawi S, Mohammed TA, Al-Zawi S : Understanding of a

convolutional neural network. 2077 International Confer-
ence on Engineering and Technology (ICET), 2017:21-23,
2017.

Zaremba W, Sutskever |, Vinyals O : Recurrent neural net-
work regularization. ArXiv, abs:1409.2329, 2014.

Howard J, Gugger S : Fastai: A Layered API for Deep Learn-
ing. Information, 11:108, 2020.

Paszke A, Gross S, Chintala S, et al. : Pytorch: An imperative
style, high-performance deep learning library. Adv Neural
Inf Process Syst, 32:8026-8037, 2019.

Schneiderman A, Elbaum M, Driller J, et al. : Assessment of
dental caries with Digital Imaging Fiber-Optic Translllumi-
nation (DIFQOTI): in vitro study. Caries Res, 31:103-110, 1997.
Lussi A, Hibst R, Paulus R : DIAGNOdent: An optical meth-
od for caries detection. / Dent Res, 83:80-83, 2004.
Caliskan Yanikoglu F, Oztiirk F, Stookey GK, et al. : Detec-
tion of natural white spot caries lesions by an ultrasonic
system. Caries Res, 34:225-232, 2000.

Lee JH, Kim DH, Jeong SN, Choi SH : Detection and diag-
nosis of dental caries using a deep learning-based con-
volutional neural network algorithm. J Dent, 77:106-111,
2018.

Cantu AG, Gehrung S, Schwendicke, F, et al. : Detecting
caries lesions of different radiographic extension on bite-
wings using deep learning. / Dent 100:103425, 2020.
Bayraktar Y, Ayan E : Diagnosis of interproximal caries le-
sions with deep convolutional neural network in digital
bitewing radiographs. Clin Oral Investig, 26:623-632, 2022.
Lee S, Oh SI, Park JW, et al. : Deep learning for early dental
caries detection in bitewing radiographs. Sci Rep, 11:16807,
2021.

Kamburoglu K, Kolsuz E, Ozen T, et al. : Proximal caries
detection accuracy using intraoral bitewing radiography,
extraoral bitewing radiography and panoramic radiography.
Dentomaxillofac Radliol, 41:450-459, 2012.

Muller MP. Tomlinson G, Gold WL, et a/. : Can routine labo-
ratory tests discriminate between severe acute respiratory
syndrome and other causes of community-acquired pneu-
monia?. Clin Infect Dis, 40:1079-1086, 2005.

Krois J, Garcia Cantu A, Schwendicke, F, et al. : Generaliz-

138

ability of deep learning models for dental image analysis.
Sci Rep, 11:6102, 2021.



J Korean Acad Pediatr Dent 49(2) 2022

Bl

pal

[H]

<
<+
K
<o

1l
~d

AJS/3H A £ Op A 2 e

3t 71

<

| 500719 FLHEAL

A2y
St
0

| =
o

[¢]
)

& 0l= Resnet50 7|EHO]

.
o
=

M1 X2 M27X| Ato[2] QIF Ol &
=l

=

Hr

= 08622 LIEFSILCEH

0942 LtE}SIOM AUC

Ol=&=

E
O Stz 20k FLIFAMT AFTIOfA 2]

0.74,

=
[

=
[

| Mot

ol

0.84, ML=

|2k

7

ol
o
RO

Ho
od

=
ofn

<+
i
oo
ol

!

139



