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Artificial intelligence as one of the transformative technologies of the present era, plays an
increasing role in medical sciences, especially dentistry. Among the various branches of artificial
intelligence, machine learning with its ability to analyze complex data, extract patterns, and
provide accurate predictions, has provided a suitable platform for the development of smart
dentistry. Modern dentistry faces challenges such as interpreting a large volume of radiographic
images, early detection of lesions, selecting an appropriate treatment plan, and managing patient
information. Challenges that can be largely resolved use machine learning algorithms. Today, deep
learning models and artificial neural networks have found widespread use in analyzing dental
images, diagnosing caries, predicting the success of restorative and implant treatments, designing
prostheses, and supporting clinical decision-making. In addition, the integration of machine
learning with technologies such as robotics, digital design, and intelligent patient monitoring
systems has paved the way for precise and personalized dentistry. Despite the significant benefits
of this technology, challenges such as data quality dependency, ethical issues, and the need for
clinical validation has remained. Overall, machine learning has the potential to revolutionize the
future of dentistry by increasing diagnostic accuracy, reducing human error, saving time and
money, and improving the quality of service.

Keywords: Artificial intelligence, Machine learning, Smart dentistry, Image-based diagnosis,
Oral health

Cite this article as: Madadizadeh F, Bahariniya S. Letter to Editor: artificial intelligence in dental science: Machine learning perspective. J Dent Med-TUMS.

2026;39:23. [Persian]

Copyright © 2026 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

(@

@ This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.

1


https://jdm.tums.ac.ir/article-1-6440-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-24 ]

S & dols

(VF0 55 YV allde & 0)90) s Sz pole oluisly (Sl aloro

.,

S I3 pole 45 (Soiuan (g (31 8] Jgo (A 1ymd s 4y ol

onla 5 831 e ) AISS

Tl 6yl dbxw Mod15 (630 (15

Ayl ecleyS <oy (S pole oSl codus > (Bgi o] 0aSimgy Sy Siloyodil clidos 5 po oyluisls =)
solpl (olrs oolpl (Sbs pole oSy o Sbj loy eMbl 5 o pio 0aSild ( Jloys bligy lodd Cy e 09,5 ¢ paass 5liS> (gomdils -

ul).»l ¢u]).e‘4 ‘U‘)’I USWJ): P}LG olKisly 4&9%.»‘.) ULMDU 5 deS

Al Sl

IS

°

dlis g9

sy 4ol

VEO/NN 0 sl
VECOYIYE b
VEO/F/-Y 3Ll

[ I RRWIPY
(W d)l-?a o

(Sloyd subling Sledd o e 09,5
(S Sy gMbl g oy e 0aSiil

O‘)ﬁl ‘O‘)‘Qj ‘lel u'g“’)’ fu91$ ol Kiisly

(Email: sajjadbahari98@gmail.com)

ohis 4 5 Sdi ke 5> hoanlid Ui Gl pas ()l Jps sl Sl (S ol 4 (seias (is
0l sodly Juloo SUler b yuile (6,500 ¢ Soan (ign alise (sladdls lo ;5 A8 o ) (S5l
5B 3153 ] Al vl 8 Wiagn (S 55100 dauwes gl molio i (385 (sla i &) g oSl 2 Sel
ol (yloyd 5 Ol wlnls pl&in 395 (aseds o 31,5500y yglas 00 yiuS wo s pulas ol W b 50
@by ao U pdle (6,500 (slai oS 1 eoliiwl b silgs o &S oo il . Cusl axlge o ylan cleMbl oyt 5
(S gy (sl (gl pglal Jdou )0 (eguan guas bdSid g Bres (6550l (o Jde 09 y0l g By
135S 308 b 65 el Jl Sty g gy (Sl il g oun g slapleyy Culge i
Gl dtaign (glaalobe 5 s (b Sl ale (lacsyshs b il 653k el (ol o3l sl
Ol g BB (sLle 39 b sl 03,8 lgen 1) 0ad (gl pased 5 (38> (SB3ls (s9w 4 €S> s ol
Siwd zylee lizeen (b (suwlisl 4 L g (BN Blue drodly cuaS 4 (Siuoly pla ola il (g glid
5 duid g oloj )0 (0> Ao« Slusl glallas (ialS ¢ jaseds cBy il b Llg e cyuile (6380 (Egetme )

&Sl (S50 01l [0 bl Jgos less cuiS i)

Ol 9 (ad Ceodls e pguai p (Sliee (eSS cliaudgd (Sub IS (cpdle (380l ( Soguas igb :thj's s



https://jdm.tums.ac.ir/article-1-6440-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-24 ]

b sl dbmw g 0305 (o330 )8

Osile (6350 Hlate 5 (IS 1 Sl pole )3 o gian Shen oyl Jeou i

5 Blosd pll spime sloodl asgere 59y x5 2L
oo el plizmen (il (Bl slalame 4 o] (6 pdiesass
sl o3 h5el st sloue Sl o imggy (S5 50 el iy
) 3 958 ol osd oozl 5 Shas dgu0 9 Ljgel loy LialS
o ie spdpds Gl glp Grad-CAM b placSiss
gl xS meas 3 fhe (2ly b L 4B 4
(AYY) g asuiie
2 e s S S g 5 Siled iales K o ) S
ol Gl Sawe asis » (Deep CNN) Guas (60500
S99 olys @ Syl (@S gl psar Lzl wnlp b
Olalad &y gl uao Va0 gyl Sl lgi g 0 bl
ras &b by 45l j8 g oAl wpuds (cropping) FSesS
o3latwl b Jae coldl )3 308 o 418l 3)50 (CNN)  iidglgsls
oIS 9 4 (2lg s b 4 il ond gl la S
oles Ll o (Non-Caries) oduwgy we o (Caries) odpwg
Jiles cae Grad-CAM (b, jl e Jse s pdy o (Ral38) sl
LB S)ygo (29p g ond ol (GpSereal ) Sie (Pl

OV) () JS3) 39800 031 Gioles (ol g g9, (il

Olo) (2 i 9 55 e )3 Odle (6530 1B
s Ol 9 Olod Sy a3 edle (6:53k ¢l p ogMe
b lgi oo (gyald (ol ccunl aidly (glodyinS 5,08 0 Sloy pls
(53 s Jolse g laid 5 lad Curdg ((Sh Bilow Juboo
Gbal 4 5 008 o |y it slagleyy Cuddse Jlass
slapi oSl (Jlie plyie 4 (V) W8 SaS Slopy 45 cp e
Jlisl (Sl slacila!l jos Job s e 5 cmdle (5530
Fomp oud g g JWoen sl )lon joy ey cunsis
sl eolatul (piomen lad S 8 eolatwl dy5e loyd
Cad iy 19 00)S" w2ly8 1) pl&in 395 dldlio IS0l Wilgs o il iy
Pl o L) (Sjlos 0)Sg, oal S Sl olen
odd (il (patd g lpSin iyl Cuw 4 Heoeled

(VFND) dad o Fows

oS Cul (S psle 3 (98 Sl Sl (S (Sgian g
2ilo ls] 3 lis claan] B (o5l ans cobl b oladilobe dnwgs
Ol ol 3 (V) WS SIS ySmreal 5 SVl g0k
dwgi p (Sgias (hed I lasgee pj clyis 4 oedle S0
g 2ol (gt 9 3555 (oo Sl Woodly 51145 515 55 505 plae ol
Bros 65k (Opimed Ml (G Ak g (i Gy 4 B o
odlawl b (yuaile (6,50b I (glas iy j oylgie 4y (Deep Learning)
e odls Juloo 5o u.)\/b u.»bly WY s mas slaass
(V) 35l (S gl g @
& 0dyinS (Siuly Judo 4 &S cunl olrojes | (S (Szolais
“_g;ln)a ‘ysa dlmd)SW" 9 UMJB 0;19.\» (S pas dUboJlb
2 OS5 )15 (pedle (65650 ) 655 0xe sl YL bl
2 2 b ooy 5 oy Glslen loy 5 pasts L)
Gledbl Copie g gloy Culbge nghn wowle oy )b
diudlg pblo (6550L 3] gl Jlo jo (F) s dnlge fylew
0ald Lials |y lacydgize (pl jl (i ciodign (gl ! &1l L cunl

() amd 5 ) (S0l Sledd ey 5 s

B3I et 3 JS 5 owdle (5500

nobal Jlo (Sl 5 Bree xSk 3 e
mas Sl ohg 4 (Bres (635L SlapiSl .l (S
robai 9 CBCT (315l pglai Jobow )3 (CNN) (dglgils
ol calisee Oldllas (V) Wladl (glodyins 5y)80 Jlay 3D
sglon (O Sawe Gasis bl cpl a8 sl
(A) slasly gloaisS” Hlaagel 5, Sloe  Slgsaiwl @lyls o Jdg
bl )5 b ol )l law & cush dvg LL Jb ol b
ol Sen g Blosel Cawd 4 dgame slaodls b g o S
a2l oy 3 Shae 2alS b ally o8l slobagne

s S ala Lige & oz sS (ul 3,Shae o o
blis 5 ooy (@ iSuay o5 (odjpel sloodh o

bylys o aladllas cpl 5l ool opuzmen ol diunly (o, liel


https://jdm.tums.ac.ir/article-1-6440-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-24 ]

Jd g & ol

(VF+0 15 Y dlie X 0)5) yas (Kb pole olEiily S jils dloo

Original Whole Image

I
i‘ Imaging
=mm :

Classification

Caries
Deep CNN -
Models
Non-Caries
Grad-CAM

Output

y
rm-
o
NEE
EiN

Marked Output Image

(V) crmile (5 p53L 1 (Himo i Jawgi (13> (S dpwrgy (e - S

b cul 3B ppizmen ()9l el (V+) 25l e 1) 885000
50,5 (gl pazd |y gloyd Gledd chlow Bilgw ¢ 48, Juloo
xS a a1y Gl g Glele 4 hlen caol
UiblS Coge (el cBy inlial o ogMe Wedign (sladilolu
slcudle CoaS dae 5 oloj 2 p2de (Jlles o
3l laie a 1les o dilobu (ol 500 (gous 51 0gub o (S 55150
DM o5 o IS5 gl ok 4 (S el Lty
YY) a8 Wyl g 550
P peely (S8l 53 (eguan Ghon sladp)lS (IS 5k 4
wobad Jolos aile) pasels slaoy)lS Jold Lol ojg> lea
i ko) Al i sl )8 (luls plulis § (SIS el
b g Sl o)l (el joe Job g (loyd Cutdge
9 sapde gloap)lS g (B35, 5 b iSy) i aw (Slb Al
slaailols P O])Lo.:.g sloodly JJ;U J.;.Sln) (5)5 fooucd uL.u.w
G Sl o gah awd pl Dsed gdl bbb (LIl dedigr
Dl ) S ghan hen (B A Cund ) ele g gasl s le

V-5 45])1

o11)] jlulode 5 Lo il
b (S35 50 cpdle (550 51 edlainl 03 S (sLlje 2954 L
sl slacadgioe cp ke Jl S sl oo i alaille

Ladgn saills § Sl ¢ Jioms (Sibjpl
dwgd Aej (Jlomd lagpld Lo geile S0k pld
9 ooy Subipld ) al 00)S palyd 1) Nedigr (Sjilas
(CAD/CAM) all, oS & calu 5 shb chabls sy
il 385 (gilojl Wl o Madsn sl oSl 5l s pSore b
plxl Jo8 B <o by gy o a 459y sam dw (2l g ol
LS 3912 (il 55530 (i p S mzpad (1Y) and
2397 ) X5yl (6 350 Wi Bese 5 ()b (silo e 5 (I )
> bl 2 Wlgi oo (£ ghan (b & jeoe slaailels 5 Sy
logysls ) do )51 S ool olyisds oSubjpliis lolud]
oials 3wl o Lol )l 18 (e (2Ll g drwgs Jolye 53 j5in
25l Bhe o), sl By cdd (il g Sl clalas
Jhors ol sloelile 5 siadsn oS ol 2 oMl (VA
Sygo a1y gloyd By 5 Gl Cundg 4 bgrype CleMbl sl o

(V) w8 Jate Sl 4 g Cud jeatiue

Sloss cuass a5l 5 bodly dieudign Cu e
5 oo o gl glaodly (Saoy 5 o lon GleMbl pos (iol58l
s (S35 e slotly | (S 4 1y Sledll ) b
dosld siopllas o x p Juloo b Wilgs o cpmile (6530L sl 03,5
ES eesas g A8 SS Wbyl b cledbl gl sl 4


https://jdm.tums.ac.ir/article-1-6440-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-24 ]

b ol dbmw g 0305 (o330 )3

Osile (6350 Hlate 5 (IS 1 Sl pole )3 o gian Shen oyl Jeou i

hles Sledbl copae o Gy () acby bigylon parls
0> ol Moubgr (Sbiolus gawdy |y (Sbislis <8 e

sl gials (jasis cds Gili8l b Wlg o gy0ld opl
5 olad Coodlw @)l 1> age (i «lodd CuasS dgups 5 (Sl
G50k sld S 5 i g ge s il dgng LS ] ls
cd b (Sl cless ol 13 a8 cul gloan] isong owile
drwgi Oy (pl b b sl Gl oyrie D g Jed S
i) Sldlis plos pilie (psias Gign Gl SasplS
2 bt yox 5, Slos pasiwe (bl g Lodld (g5l > lubinl w0dyius
Dy daled Sloyy by slalaore

collas & (gt (SB35 o Jb 53 eble (6655 g goome
Cdy Wi o oS Jgo0 unl dlip i g jemme 03l ciedier
Spediz yob |y hlew colsy g oloyd oS (asis
A a5,

References:

1- Zhang C, Lu Y. Study on artificial intelligence: The state of
the art and future prospects. J Industrial Information Integration.
2021;23:100224.

2- Gupta R, Srivastava D, Sahu M, Tiwari S, Ambasta RK,
Kumar P. Artificial intelligence to deep learning: machine
intelligence approach for drug discovery. Mol Divers.
2021;25(3):1315-60.

3- Rao TVN, Gaddam A, Kurni M, Saritha K. Reliance on
artificial intelligence, machine learning and deep learning in the
era of industry 4.0. Smart healthcare system design: security and
privacy aspects. 2022:281-99.

4- Ossowska A, Kusiak A, Swietlik D. Artificial intelligence in
dentistry-Narrative review. Int J Environ Res Public Health.
2022;19(6):3449.

5- Liew J, Zainal Abidin I, Cook N, Kanagasingam S. Clinical
decision-making in complex endodontic cases between
postgraduate students across dental specialties at a UK dental
school: a pilot study. Eur J Dent Edu. 2022;26(4):707-16.

6- Wang L, Xu Y ,Wang W, Lu Y. Application of machine
learning in dentistry: Insights, prospects and challenges. Acta
Odontol Scand. 2025;84:43345.

7- Fan W, Zhang J, Wang N, Li J, Hu L. The application of deep
learning on CBCT in dentistry. Diagnostics.2023;13(12):256.

8- Kurt-Bayrakdar S, Bayrakdar IS, Yavuz MB, Sali N, Celik O,
Kose O, et al. Detection of periodontal bone loss patterns and
furcation defects from panoramic radiographs using deep
learning algorithm: a retrospective study. BMC Oral Health.
2024;24(1):55.

9- Reyes LT, Knorst JK, Ortiz FR, Ardenghi TM. Scope and
challenges of machine learning-based diagnosis and prognosis in
clinical dentistry: A literature review. J Clin Transl Res.

9> 2 ey 5l 6l & laigSay ccund (il (HBlg Ll
Bgus oo 03l yojgal (BEdales] g ySend dgae (slaodly dcgexe
YY) dims oo s (g pcams 5)Slee s (glaodld b dpalge 4o g
&35L slaJao p> (Overfitting) il yiw slas opl o 0gMe
(Bly Gagsll (5ol sl @ o)l 290 crge Sl oo Bres
sl ol oS S i 1) (b0l slaodh ol (sl S

slolas g gyl pgal (slrolSiws 1> Sglis g S92 S5 53),
5 g ab B Wlgie 8 Lol S cuen I 8L
S ol 00 (gaw 31 L(YY) wiad LialS 1) yyolad (gt dslad
S o Nz 038 (riwyliiel 86 join ogian hen slaailole
09y ol gobge (nl g dius Slopy (Bly Lulyd 3 2L s

il o dlge Codgime b1y b (lalaxe 45 b

pgbas Jlos 53 Jo dbul b el (6530 I 90 4

2021;7(4):523-39.

10- Nguyen TT, Larrivée N, Lee A, Bilaniuk O, Durand R. Use
of artificial intelligence in dentistry: current clinical trends and
research advances. J Can Dent Assoc. 2021;87(17):1488-2159.
11- Patil A, Bhalekar M, Dhatrak P. Enhancement in Dentistry
using Machine Learning: A Systematic Review. 2022 10th
International Conference on Emerging Trends in Engineering
and Technology-Signal and Information Processing (ICETET-
SIP-22); 2022: IEEE.

12- Oztekin F, Katar O, Sadak F, Yildirim M, Cakar H, Aydogan
M, et al. An explainable deep learning model to prediction dental
caries using panoramic radiograph images. Diagnostics.
2023;13(2):226.

13- Dheeba J, Lakshmi T. Digital Decision Making in Dentistry:
Analysis and Prediction of Periodontitis Using Machine
Learning Approach. International Journal of Next-Generation
Computing. 2022;13:(3).

14- Nazari Y, Lngeroodi PF, Maddahi M, Kobravi S, Amin MR,
Bargrizaneh AA, et al. Artificial intelligence models and
predicting  implant success. Biomed Res  Therapy.
2025;12(1):7029-37.

15- Mohammadi H, Soleymanpourshamsi T, Amirfarhangi S.
Artificial Intelligence in Dental Implant Prognosis: A Narrative
Review of Predictive Models, Performance, and Clinical
Potential. Open Access Res J Biology Pharmacy.
2025;15(1):48-54.

6- Dobrzanski LA, Dobrzanski LB. Dentistry 4.0 concept in the
design and manufacturing of prosthetic dental restorations.
Processes. 2020;8(5):525.

17- Yakubova II, Krupnyk NM, Krupnyk A-SA, Ostrianko VI
Digital dentistry in action: Analysis of clinical outcomes of


https://jdm.tums.ac.ir/article-1-6440-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-24 ]

2y & dols

(VF0 55 VY dllio Y 0)50) s (S pole ol&uisly (sl aloxe

computer-aided design and manufacturing, three-dimensional
printing, and artificial intelligence in tooth defect rehabilitation.
Wiad Lek. 2025;78(11):2540-7.

18- Alahmad WZ, Elramady YR, Sidheeq MA, Alahmari M,
Surdilovic D, Khalifa A, et al. Recent Advances in Digital
Dentistry: The Impact of Robotics and Smart Implant Design on
Dental Practice. Open Dent J. 2025;19:(1).

Panahi O. Smart materials and sensors: Integrating technology
19- Panahi O. Smart materials and sensors: Integrating
technology into dental restorations for real-time monitoring. J
Dent Oral Health Care. 2025;2(1):1-6.

20- Shujaat S. Automated machine learning in dentistry: A
narrative review of applications, challenges, and future

directions. Diagnostics. 2025;15(3):273.

21- Chen S, Zeng P ,Chen Y, Zhu Y, Gong Z, Lin Y, et al.
Construction and validation of a patient-centered data
governance platform for multimodal dental implant data
management. Clin Oral Investig. 2026;30(5):193.

22- Krois J, Garcia Cantu A, Chaurasia A, Patil R, Chaudhari
PK, Gaudin R, et al. Generalizability of deep learning models for
dental image analysis. Sci Reports. 2021;11(1):6102.

23- Juneja M, Aggarwal N, Saini SK, Pathak S, Kaur M, Jaiswal
M. A comprehensive review on artificial intelligence-driven
preprocessing, segmentation, and classification techniques for
precision furcation analysis in radiographic images. Multimedia
Tools Applications. 2025;84(19):21467-520.


https://jdm.tums.ac.ir/article-1-6440-en.html
http://www.tcpdf.org

