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Pa3paboTka n KnuHn4yeckasa sanupauus
MOOGUIILHOIO NMPUIOXKEHUsS1 Ha OCHOBE
UCKYCCTBEHHOIro UHTEeJINIeKTa ANA BbIABNIEHUSA
Kapueca y aeteu

X.C.Axmep, H.A.Anb-lLlapupaa, C.A. Xapxu

VHnsepcutet bacpel, bacpa, Vipak

Kapuec 3y60B fBNseTca 0AHMM U3 Hanbonee pacrnpoCTPaHEHHbIX XPOHUYECKMX 3a60neBaHnii, BbISBISEMbIX Y AeTEN BO BCEM
MUpe, NPV 3TOM ero paHHAs AMarHOCTUKa OCTaeTCsl Cepbe3HON NMPo6neMon Ans PoauTeNen n nul, OCyLLECTBASIOLMNX YXon
3a fgetbMu.

Llenb. PagpaboTka u KnuHuyeckas sBanmpauus MO6UnbHOro NPUIIoXKeHUst Ha OCHOBE UCKycCcTBeHHoro nHtennekta (UMW), npeg-
Ha3Ha4YeHHOro ANA okasaHus NOMOLLM POAMTENAM B BbIBNEHNM Kapueca y Ux AeTen Ha paHHel cTagumn € UCMONb30BaHNEM
N306paxKeHni, NOy4eHHbIX C MOMOLLIbIO KaMepbl cmapTdoHa.

MauuneHTbl M MeTOAbI. B nccneposaHmne Bko4eHo okono 1500 nHTpaopanbHbIx hotorpaduii geter B sBo3pacte oT 7 go 13 nert.
CHMMKM 6bIIM caenaHbl ¢ NOMOLLbIO Kamep cMapTdoHa Npu KOHTPOSIMPYEMOM OCBELLEHWN A1 MOATBEPXAEHNS YETKOCTM U
nocneposartenbHOCTW. Bbibopka He 6bina paHAoMU3MPOBaHHON 1 OCHOBbIBANACh Ha 4OGPOBONBHOM yyacTun. Maccms AaHHbIX
WHTpaopasbHbIX hoTorpacumii aeter 6bin UCNOML30BaH ANa nocnegosarenbHocTn mogenu VI, paspaboTaHHON MHXEHepOM-
nporpammucTom. Anroputm NI 6b1n 06y4eH BbISBNSATb BU3yanbHble Mapkepbl Kapueca Ha OCHOBE OTMEYEHHbIX MPU3HAKOB Ha
n3obpaxeHusx. Masa KNMHMYECKON NpoBepkn Bknovana 330 geten.

Pesynbrartsl. [NpunoxeHne NN npogemMoHCTpupoBano 4yBcTBUTENBHOCTL 69,1%, cneundunyHocTb 98,9%, PPV 99,4%, NPV
56% n 06Lyl0 TOYHOCTb 77,6%. [NporHocTUYeckas OOCTOBEPHOCTb 6bina MOATBEPXKAEHA 3HAYMMOM MOAENbI0 IMHENHON
perpeccum (B = 0,579, R2 = 0,61, p < 0,001), napannensHas [OCTOBEPHOCTb 6bina ymepeHHow (p = 0,61, p < 0,001).
3akntoyeHue. [laHHOEe MCCnefoBaHWe NPeacTaBnsieT cCo60M BaXKHbIN LaAr K yNyHLEHUIo [OCTYNa K NePBUYHbIM UHCTPYMEH-
Tam o6HapyXeHuns Kapreca, 0COBEHHO B YCIIOBUSX OrPaHMYeHHbIX pecypcoB. Ero nnaHoBoe npMMeHeHe MOXeT Cnoco6CTBO-
BaTb MPOBEAEHUIO NPOhUNaKkTUHECKOro yxoaa 3a nonocTbio pra, obecneyvsas CBOEBPEMEHHOE BMELLATENbCTBO M yMEHbLUAs
npo6nemy HenevYeHHOro kapueca 3y60B y geTen.

KrniroueBble crioBa: cMapTghoH, kapuec 3y60oB, neguatpusi, npumeHeHne VIV, rurmeHa nonoctv pra
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Development and clinical validation of a smartphone-based
Al application for dental caries detection in children

H.S.Ahmed, N.A.Al-Shareeda, S.A.Haji
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Dental caries is one of the most common chronic diseases detected in children worldwide, and its early diagnosis remains
a significant challenge for parents and caregivers.

Objective. To develop and clinically validate a mobile application based on artificial intelligence (Al) designed to assist parents
in the early detection of dental caries in their children using photos captured with a smartphone camera.

Patients and methods. Approximately 1500 intraoral pictures were collected from children aged 7 to 13 years. To ensure
accuracy and uniformity, photos were taken using smartphone cameras in a controlled environment. Voluntary involvement
formed the basis of the non-randomized sample. The study team collaborated with a software developer to create an Al model
using the collection of intraoral pictures from pediatric patients. Based on the characteristics seen in the photos, the Al system
was taught to detect visual signs of caries. The clinical validation phase involved 330 children.

Results. The Al application displayed a sensitivity of 69.1%, specificity of 98.9%, PPV of 99.4%, NPV of 56%, and overall
accuracy of 77.6%. Predictive validity was supported by a significant linear regression model (f = 0.579, R2 = 0.61, p < 0.001),
and concurrent validity was moderate (p = 0.61, p < 0.001).

Conclusion. This research presents an important step toward improving access to initial caries detection tools, especially in
low-resource settings. The planned application has the probability to support preventive oral healthcare by enabling timely
intervention and reducing the problem of untreated dental caries among children.
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A rtificial intelligence (Al) is a technology in computer science
associated with constructing “machines” that can simulate
the cognitive skills of human intelligence [1-3]. With the use of Al,
machines can perform human-like tasks, including machine
learning techniques that recognize patterns in data to generate
predictions. In dentistry, Al aims to improve diagnostics, patient
care and treatment planning, as well as image analysis, prediction
modeling, and data management [4].

Dental caries is one of the most common chronic diseases
around the world. It is caused by particular bacteria in the oral
cavity that metabolize fermentable carbohydrates, producing acid
and later demineralizing tooth enamel and dentin [5]. The initial
signs of dental caries typically appear as a white, chalk-like lesion
on the tooth surface, indicating early enamel demineralization.
As the condition progresses, lesions may become dark brown
and shiny, signifying more advanced decay [6-8]. A healthy tooth
is free from discoloration and structural damage, while dental car-
ies, if left untreated, can lead to the formation of cavities, tooth
pain, and eventual tooth loss [5]. Cariogenic microbes, ferment-
able carbs, and a porous tooth surface are the three components
necessary for dental caries to form [9].

Several studies indicate that early childhood caries (ECC) is
more common among children from low-income families and
minority groups, as well as among those with low birth weight and
those exposed to vertical transmission of cariogenic bacteria
from mother to child [9-11]. Behavioral practices also play an
important role in the progression of ECC. These include nighttime
bottle-feeding, frequent consumption of sugary foods and bever-
ages, infrequent tooth brushing, and irregular oral hygiene prac-
tices [10-14].

Children with ECC may experience significant pain and dis-
comfort, which can impair their ability to eat and speak [15].
When ECC is severe, it may lead to early front tooth loss, which
affects their ability to chew food and speak, and ultimately
impacts overall growth and quality of life [15, 16].

Primary teeth must be preserved in good condition because of
their importance in speech, appearance, nutrition, and space
allocation for permanent teeth [18]. In order to avoid dental car-
ies, it is crucial to practice good oral hygiene, reduce plaque
accumulation, make dietary adjustments, and use topical fluo-
rides [19]. Despite these interventions, ECC remains the most
common chronic illness among children globally, with an esti-
mated 1.8 billion new cases reported each year [20, 21].
Untreated ECC is associated with lower oral health outcomes
and an increased risk of caries in permanent teeth for patients
[22, 23].

Al has potential in improving dental caries detection and diag-
nosis. There has been a lot of success in using Al models, deep
learning approaches, and convolutional neural networks (CNNs)
to diagnose carious lesions from dental images [24, 25].
Smartphone applications that use Al algorithms to identify early
indicators of caries in intraoral photos are currently available to
users [26]. These tools may help people, especially parents,
monitor their children’s oral health and schedule appointments for
them at the most inconvenient times [27].

For this study, we built a dataset of high-resolution intraoral
images of both front and back teeth. In order to create reference
data, semi-automated caries annotation software was used by

" CKYCCTBEHHbIN MHTennekT (M) — 3To BO3MOXHOCTbL camo-

KOHTPOSIS B KOMMbIOTEPHOW Hayke, CBA3aHHOMO C CO3AaHU-
€M «MaLUWH», KOTOPble MOFYT UMUTMPOBATbL KOTHUTMBHbIE HaBbl-
KM 4YenoBe4veckoro uHtennekrta [1-3]. C ucnonb3oBanvem U
MaLLWHBI MOTYT BbINOMHATL PaboTy, NOA06HY0 paboTe Yenose-
Ka, BK/OYas MeToAbl MALUMHHOIO O6Y4YeHMWsl, KOTOpble pacnos-
HaloT LWaboHbI B AaHHbIX A1 CO3AaHNA NporHo3o.. B ctomaro-
norun ucnonb3dosaxHne VM HanpaBneHo Ha ynydlueHue gmnarHo-
CTUKW, NNIaHNPOBaHMSA yxoda 3a nauneHTamm 1 fieYeHus, aHanu-
3a MOMyYeHHbIX U306pPaxeHuin, MOAENMPOBaHUSA MPOrHO30B Y
ynpasneHns gaHHbiMu [4].

Kapuec 3y6oB aBnseTcs OfHUM M3 Haubornee pacnpocTpa-
HEHHbIX XpPOHN4YECKNx 3abonesaHuin Bo BceM mupe. OH BbI3blBa-
eTca onpefeneHHbIM1 GakTepusMy B MOMOCTM PTa, KOTOPble
MeTabonmM3npyoT hepMeHTUpyeMble Yriesodbl ¢ 06pa3oBaHu-
€M KUCIOT, NPMBOASA K AeMUHepan3aumm 3y6HON amanu n geH-
TuHa [5]. HavanbHble npusHakn kapueca 3y60B 06bIYHO NPOsiB-
nsATCs B BUAE 6€510ro MenioBUAHOro NOPaXKeHNs Ha NOBEPXHO-
CTn 3yba, YTO YyKasblBaeT Ha PaHHIOK AeMUHepanu3auuio
smanu. Mo Mepe NporpeccMpoBaHns Kapmeca nopaxkeHns MoryT
CTaHOBUTLCH TEMHO-KOPUYHEBLIMU U B1ECTALLMMM, YTO O3HaYa-
€T nporpeccvpylolmnin pacnag TkaHen 3yba [6-8]. 3oopoBbi
3y6 HEe UMeEeT N3MEHEHNs LiBeTa U CTPYKTYPHBIX NMOBPEXAEHUNA,
B TO BpPeMS Kak Kapvec 3y60B Mpu OTCYTCTBUM NEHEHNsT MOXET
NpMBECTU K 06pa30BaHUo0 NOSOCTEN, 60nAM B 3yH6ax n BO3MOX-
HOWM notepe 3y60B [5]. PasButme kapmeca 3y60B BKNOYAET Ka-
PUOreHHbIE MMKPOOPraHM3Mbl, MOOXOAALLMI cybCcTpaT (dhepmMeH-
TMpyEeMbl€ YrMeBOApbl) U BOCMPUMMHMBYIO MOBEPXHOCTL 3y6a [9].

MHoro4rcneHHble nccnefoBaHns BbISBUN [ONOMHUTENbHbIE
(hakTopbl puUcka pasBUTMA paHHEro OeTckoro Kapueca (early
childhood caries/ECC), Bknio4airoLlme HU3KUIA CoLMarnbHO-3KO-
HOMMWYECKUI CTaTyC, NPUHALNEXHOCTb K MEHbLUMHCTBAM, HU3-
KYI0 Maccy Tena npu poxgeHun u nepegady 6akrepui ot mate-
pn pebeHky [9-11]. lNMoBepeH4Yeckne MpakTUKU Takxe urparT
BaXKHyto ponb B nporpecce ECC. OHn BKNOYAOT HOYHOE KOPM-
neHve n3 6yTbINOYKK, YacToe yrnoTpebneHne cnagkux npogyk-
TOB W HanWUTKOB, PEOKYI0 YNCTKY 3y60B M HeperynspHble rurme-
HU4YeCcKne MeponpusaTusa ans nonoctu pra [10-14].

VY peten ¢ ECC MOXeT 6bITb 3Ha4mMTenbHas 60nb, KoTopas
MOXeT 3amMefnsaTb CTaHOBMEHNE HaBbIKOB Peyn U NpaBuiibHOro
npvema nuwy [15]. B TaXenbIX cnyyasx npexpeBpeMeHHas
noteps nepegHux 3y6oB, BbidBaHHas ECC, MOXeT BbI3BaTb Npo-
651eMbl C pPeYblo M HEJOCTATOYHOCTb MUTaHUSA, YTO, B KOHEYHOM
uTore, BNUSIET Ha OOLWMI POCT U KAYeCTBO XWU3HU pebeHka
[16, 17].

CoxpaHeHve 300pOBbIX MOMOYHbIX 3y60B MMEeT peLuatoLlee
3Ha4eHue, NOCKOJIbKY OHU CMOCOBCTBYIOT peymn, 3CTETUKE, npa-
BUNTbHOMY >XXeBaHUIO U COXpPaHeHUIO0 NpOoCTpaHCTBa AJid NOCTOAH-
HbIX 3y60B [18]. Moaxodbl K NpodunakTMke Kapueca BKYaOT
nponaraHgy NpaBubHOW MMIMEHbI MOSIOCTU pPTa, YMEHbLUEHUE
3y6HOro Haneta, KOPPEKTUPOBKY NPUBLIYEK NUTaHUS U NpUMe-
HeHwe MecTHbIX bTopmaos [19]. HecmoTps Ha aTn MeponpusaTms,
ECC no-npexHemy siBnseTcs Hauboriee pacnpocTpaHeHHbIM
XPOHNYECKUM 3260neBaHNEM CPeAN OeTeN BO BCEM MUPE, C Bbl-
aBneHvemM noytu 1,8 mnpa HoBbIX cnyyaes B rof [20, 21]. Kpome
TOro, HeneveHHbli ECC yBenuuuBaeT puck Kapueca nocTosiH-
HbIX 3y6OB M CHWXAeT Ka4eCTBO XM3HW, CBA3AHHOE CO 3[0pO-
BbEM MOnocTn pra [22, 23].
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Development and clinical validation of a smartphone-based Al application for dental caries detection in children

dentists who are qualified by the International Caries Detection
and Assessment System (ICDAS). Using the annotated dataset,
an Al-powered technique was trained to detect and classify cari-
ous lesions in pediatric patients [28].

Although dental experts are trained to detect cavities, models
powered by Al are preferable in resource-constrained locations
and those with low incomes. In terms of accuracy, these models
can hold their own against humans [29-32].

This study aimed to develop and clinically validate an Al-based
mobile application designed to assist parents in the early detec-
tion of dental caries in their children using photos captured with
a smartphone camera.

Patients and methods

Study design

A prospective diagnostic study was conducted to determine
how well Al-powered smartphone apps could identify cases of
dental caries in children, as well as their clinical validity and over-
all diagnostic performance. This program integrates digital den-
tistry with technological innovations in order to promote preven-
tive treatment and early diagnosis. Because it included both the
construction and evaluation of the Al model, the research had
a dual purpose.

Al model development and training

Approximately 1,500 intraoral photographs were obtained
from children aged 7 to 13 years. To guarantee clarity and uni-
formity, the images were taken using smartphone cameras in
regulated lighting settings. The dataset sought to reflect different
phases of dental caries for complete Al training; the sample was
non-randomized and relied on volunteer participation.

Clear pictures of the occlusal, buccal, or lingual surfaces as
well as high-resolution intraoral shots of permanent or primary
teeth were the only ones that were considered. On the other
hand, photos that were either too dark or had blurry focus were
not considered.

Completely encrypted data was sent to the software devel-
oper working on the project when data gathering was complete.
A machine learning model that can identify carious lesions was
trained using these photos by the programmer. The study team
had to do the following: check and organize the dataset; stand-
ardize the procedure of capturing images; annotate visible caries
to help with model training and then utilize the right Al frame-
works to build and train the model. An instantaneous analysis
and feedback on user-uploaded or -captured photographs are
features of the final product.

Application workflow

Figures 1-4 show the application’s capabilities. After launch-
ing the app, users have the option to either shoot a new picture
or import an old one. After that, the chosen picture is processed
by the Al model, which looks for indicators of caries. Finally, the
result is displayed instantly on the user’s screen.

Study population and sampling
The clinical validation phase involved 330 children aged 7 to
13 years recruited from pediatric dental clinics in the College of

© WapatensctBo «[duHactus», 2026
Ten./thakc: +7 (495) 660-6004, e-mail: red @ phdynasty.ru, www.phdynasty.ru

MW B cTomaTonorum o6napaet 60MbLLUMM MOTEHLMAIOM B YIy-
LLIEHMN BbISIBIIEHWS M OMArHOCTUKW Kapueca 3y6os. Mogenn VW,
nopxofbl ry6oKoro 06y4YeHusl, Takme Kak CBEPTOYHbIE HEeMpPOH-
Hble ceTn (CNN), nogTBepamnM BbICOKYIO TOYHOCTb M YyBCTBU-
TENbHOCTb MPU BbISIBIEHUN KAPUO3HbIX MOPaXKEHUI Ha CTOMATo-
norm4eckux ndobpaxenusx [24, 25]. B HacTosiee Bpems 3TO
060pyAOBaHe MOXHO MHTErpUpOBaTh B MPUMOXEHWS AN CMapT-
(hOHOB, MOMOras nonb3oBaTeNaM CHMaTb MHTPaopasibHbIe U30-
6paxeHus, aHanuanpyemble anroputMamu W onsa paHHmx npu-
3HakoB Kkapweca [26]. Takne WHCTPYMEHTbl MO3BOMSAIOT MHOAAM
aKTMBHO KOHTPO/IMPOBaTh 340POBbE MOSIOCTM pTa CBOUX AETen n
CBOEBpPEMEHHO 0bpaLlaTbes K npodeccnoHanam [27].

B sTOM MccnegoBaHumM NCMOMb30BaH HA60P AAHHBIX, BKIOYa-
IOLLMIA  BbICOKOKAYECTBEHHbIE WMHTpaopasbHble U306paXKeHus
nepegHx W 3agHuX 3y6oB. Vicnonb3ys nonyasToOMaTUyeckoe
nporpaMMHoe obecneyeHne A BbISBEHNS Kapueca, CToMaro-
noru, npowefwme oby4veHne B MexxgyHapofoHon cucteMe obHa-
pyxeHusi n oueHkn kapueca (ICDAS), aHHOTUpOBanu 3TM U30-
6paxeHus Ana NPefoCcTaBeHns CnpaBoYHbIX AaHHbIX. AHHOTU-
POBaHHbIA HABOP AaHHbIX ObIsT 3aTeM UCMONb30BaH Afs oby4ye-
HWMs anropuTma Ha ocHoBe VN ansa BbiABRNeHWs n knaccudmka-
LM KaprO3HbIX MOPaXXeHUN y negnaTpnyecKux naumeHTos [28].

XOTs Kapuec MOryT O6Hapy>XMBaTb CTOMATONOr, NPY HaNMn4Ymmn
COLIMAnbHO-3KOHOMUYECKUX MPENSITCTBUN, BEQYLLMX K CHUDKEHUIO
JOCTyna K 34paBOOXPaHeHuio, a Takxke K HexBaTKe PecypcoB B
YCNOBUSIX HU3KOIO [OXOAa, Mogenu Ha ocHoee UMW ctaHoesATCA
6onee NpakTU4HbIM PEeLLIEHVEM, MO3BOASAIOWLMM MalumMHam nosny-
YyaTb pesysnbraTbl, CONOCTaBUMbIE C TAKOBbIMY AJ18 nopen [29-32].

Llenb nccnepoBaHusa — paspaboTka 1 KnvHn4eckas sanupa-
LM MOBUBHOrO NPUOXeHus Ha ocHose VI, npegHasHayeHHo-
ro Anf oKasaHuWa MoMOoLM poauTeENnsM B BbISIBIIEHUU Kapueca
y VUX OEeTeW Ha paHHel cTaguu C MCMofb30BaHWEM n3obpaxe-
HWIA, MOSTY4EHHbIX C NOMOLLIbIO Kamepbl cMapTgoHa.

MaumeHTbl M MeToAbI

[dunsariH uccnepoBaHus

MpoBeneHO MPOCMNEKTMBHOE OMArHOCTUYECKOE uccnenosa-
HUEe OUEHKN 3PPEKTUBHOCTU, KIIMHUYECKOM OOCTOBEPHOCTU U
ONarHOCTUYECKNX nokasarenen NpuioXkeHUn ana cMapTgOoHOB
Ha ocHoBe W ons BbISBNeHWst Kapyeca y neanaTpu4eckmx naum-
€HTOB. [1poeKT MHTErpmpyeT umMdpoBYyIO CTOMATOSIOMMIO C TEXHO-
NOTNYECKUMWN MHHOBAaLMSAMW ANS1 YNyYLUEHNS paHHen pmarHo-
CTUKM W copencTBus npodmnakTnyeckon nomowm. Kccne-
JOBaHWe Takxe BKNoYano paspaboTtky n obyveHune mogenu NN,
4YTO caenasno ee OQHOBPEMEHHO Pa3BUBAIOLLIENCS U OLLEHOYHOM.

Pa3pa6otka n o6y4yeHue mopgenu U

MpuénuantensHo 1500 mMHTpaopanbHbIX doTorpaduin 6binm
nony4yeHsbl y geten B Bospacte ot 7 Ao 13 net. CHUMKK caenanbl
C MOMOLLbIO KaMepbl CMapTgoHa B YCNOBUSAX KOHTPONMPYEMOro
ocBelleHuss ana obecnedyeHus 4YeTKoCTM W nocnegoBaTesib-
HOCTW. Bblibopka He 6blna paHOOMU3NPOBAHHOW WU OCHOBbIBA-
nacb Ha JO6pPOBOMBHOM y4acTUW, HA6OP AaHHbIX 6bi1 Hanpas-
NEH Ha NpefcTaBneHne pasnuyHbIX CTaguin kapyueca 3y60B aJis
BCECTOPOHHEro oby4eHns V.

B paboTy 6binn BKIHOYEHbI TONMBLKO UHTpaopanbHble hoTorpa-
UM BbICOKOrO paspeLleHusi, NoKasbiBatoLLMe MOJIOYHbIE UK
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Dentistry, University of Basrah. The data collection took place
between November 2024 and May 2025.

Inclusion criteria were healthy children with at least one erup-
ted permanent molar, as well as the participation of both children
and their parents. Children with fixed orthodontic appliances,
extensive restorations, enamel anomalies, or uncooperative
behavior were excluded.

Clinical examination

Each child underwent a clinical dental examination according
to the “gold standard” by a licensed pediatric dentist blinded to
the Al results, using WHO diagnostic criteria. The diagnosis was
either caries present (1) or absent (0).

Al application use

Immediately after clinical examination, intraoral photographs
were taken using a standard smartphone camera following the
app’s in-app guidance. In real-time, the Al program assessed the
pictures and returned a yes/no answer for the presence of caries.
These results were saved and compared with clinical data for
statistical analysis.

MOCTOSIHHBIE 3Y6bl N YeTKME N306PaKEHNS OKKITIO3MOHHBIX, LLieY-
HbIX UM A3bIKOBbIX MOBEPXHOCTEN. BbINn UCKMIOYEHbI HeYeTKNe
WM HeKa4yeCTBEHHbIE W306PaXeHWsl, CHUMKU C 4Ype3MepHbIM
3aTeHeHNeM Uu NIOXMM OCBELLEHUEM.

Mocne c6opa Bce n3obpaxkeHus 6bn nepefaHsl paspadoTym-
Ky NporpaMMHOro o6ecneyeHunsi, KOTOpbIN MCMNoNb3oBan UX Ans
oby4yeHna mopenn W, cnocobHon o6HapyXuBaTb Kapuo3Hble
nopaxeHus. Viccnegosarenbckasn rpymnna oteedana 3a craHgap-
TM3aUMIO NpoLecca Nony4YeHnst N306paxxeHni, 0630p 1 opraH13a-
uMio Habopa AdaHHbIX. AHHOTMPYS BMAMMBINA Kapuec, nporpam-
MWUCT UCMonb3oBan cooTeeTcTylowme VIV-CTpyKTypbl Ons pas-
paboTkn 1 06y4eHns mogenu. lNony4yeHHoe NpunoxeHue No3so-
NSIeT B PeXMMe peanbHOro BpeMeHV aHanuanpoBaTb 3arpy>KeH-
Hble WW MOMy4YeHHblE B PeanbHOM BPEMEHW M300PaXeHus u
obecrnevnmBaeT MrHOBEHHYIO 06paTHyIo CBA3b C MONb30BaTENEM.

Pa6ouuii npouecc NnpunoXxeHus

OYHKUMOHANBHOCTb MPUIIOXKEHWSA NPOUNAICTPMPOBaHa Ha
puc. 1-4. Korga nonb3oBaTenb OTKPbIBAET MPUIOXEHWE, OH
MOXeT 3arpy3uTb CyLLECTBYIOLLEE W300paxeHne WM CHATb

HoBoe. Mogenb VN ob6pabatbiBaeT BbIGPaHHOE M306paKeHne

Upload a Picture /
3arpyxaet nzobpaxeHue

User Opens the app /
Monb3oBartesb OTKPbIBAET MPUTOXEHNE

Al Model /
Mogens N

Display Result to User /
OtobpaxeHne pesynbTata nosb30BaTesto

Take a Picture /
[enaet cHUMOK

§

Fig. 1. Application workflow.
Puc. 1. Pa6ounin npoLecc NpunoXXeHus.

Brushing Reminder

A notification system will be sent

for brushing reminders /
HanomuuaHue o ynctke 3y6oB
Cuctema yBegomeHmi 6yaeT oTrpaBisTh
HarnoMuHaHus 0 Y1CTKe 3y60B

(®

L

Tooth Decay Checkup /
lpoBepka kapueca 3y608B

A clear image with good lighting of teeth
to be examined must be added /
Heobxozumo 3arpysnTsb 4eTkoe n3obpaxeHue 3y60s
C XOPOLLIMM OCBELLIEHNEM [i/1Si OLIEHKU

You can upload a photo from your gallery
or take a new one /
MoxXHO 3arpy3uTb CHUMOK 13 ranepe uim caenarb HoBbivi

Take a photo /
Cpaenartb CHUMOK

Upload a photo from gallery /
3arpy3ntb U3 ranepeun

Reminder by tooth /
HanomuHaHms
o kaxgomy 3y6y

@
Guidelines /
PykosoacTso

Teeth check-up /
OcmoTp 3y60B

Frequently asked questions /
Yacro 3apaBaemble
BOMPOCHI

Fig. 2. Start menu.
Puc. 2. CtapToBoe MeHIo.

®

Fig. 3. Caries detection option.
Puc. 3. Onyusi BbIAB/IeHUs1 Kapueca.

@
Y,

You have one tooth decay /
O6Hapy»XeH oANH Kapno3Hbii 3Y6

Take a photo /
Cpaenatb CHUIMOK

Fig. 4. Result display to user.

Puc. 4. OTo6paxkeHne peaynbrata rnosib30Ba-
Tesmo.
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Statistical analysis

SPSS Statistics 24 was utilized for statistical analysis overall.
Descriptive statistics summarized sex and age demographics. An
Al (2x2) confusion matrix was constructed to compare results to the
clinical gold standard. Sensitivity, specificity, PPV, NPV, and overall
accuracy were the parameters used to measure diagnostic perfor-
mance. Each metric was reported with 95% confidence intervals
using the Wilson method. Predictive validity was assessed using
simple linear regression, with the clinical diagnosis as the independ-
ent variable and Al result as the dependent variable. Concurrent
validity was evaluated using Spearman’s correlation coefficient. A
p-value < 0.05 was considered statistically significant.

Results

Demographic characteristics

A total of 330 children were involved in this study. Females
represented 70.3% of participants, while 29.7% were males.
Participants were divided into two subgroups depending on age:
7-9 years (252 children) and 10—13 years (78 children). Clinical
examination showed that 236 (71.5%) children had at least one
carious lesion, and 94 (28.5%) children had none (Table 1).

Diagnostic capability of the Al application

The diagnostic capability of the mobile application was com-
pared to the gold-standard clinical examination (Table 2). The Al
application detected 163 children with caries out of 263 children
diagnosed by the standard clinical examination. The Al applica-
tion also detected 93 out of 94 children diagnosed as non-carious
by the gold standard clinical examination.

Diagnostic metrics

The developed application demonstrated high specificity
(98.9%) and PPV (99.4%), indicating a strong ability to confirm
the presence of dental caries (Table 3). However, its sensitivity
(69.1%) and NPV (56%) were lower, suggesting that some caries
cases may be missed when the app gives a negative result.

Validity analysis

The validity of the Al-based application was evaluated using
two complementary approaches (Table 4).

In order to assess the Al's predictive validity, a linear regres-
sion was used, where 0 indicates no caries and 1 indicates car-
ies, based on the clinical diagnosis. A standardized coefficient of
B =0.579 and R? = 0.61 were produced by the highly significant
model (F (1,328) = 165.566, p < 0.001). There is a moderate-to-
strong predictive association, as clinical data explain 61% of the
variation in the application’s outcomes.

The use of Spearman’s rank correlation to assess concurrent
validity between Al scores and clinical state yielded p = 0.61
(p < 0.001). This moderate positive association confirms that,
when performed concurrently, the Al evaluation shows good
agreement with the clinical gold standard.

When taken as a whole, these findings demonstrate that the
app is a viable screening tool as it accurately depicts the preva-
lence of caries. Although it has the ability to forecast clinical
consequences, a clinical evaluation should be conducted to vali-
date any unfavorable app findings due to its lesser sensitivity.
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Table 1. Demographic characteristics of study participants
(n = 330)

Tabrmya 1. Hemorpacghunyeckne xapakTepUCTUKN yHacTHUKOB
uccnegoBaHus (n = 330)

Characteristic / Category / Number/  Percentage /

Xapaktepuctnka Kareropus KonnyectBo poveHT
Male / Myxcxkori 98 29.7%

Sex / lon P . .
Female / XeHckuii 232 70.3%
7-9 years / net 252 76.4%

Age / Bospact

ge . Bosp 1013 years / sier 78 23.6%

Caries presence clinically /  yes / /12 236 71.5%

Hannyvne kapmneca

110 knnHndeckum ganHeim  No / Her 94 28.5%

N aHanu3vpyeT ero Ha Hanuuue MpusHakoB Kapueca. 3artem
pesynkTaT 0To6paXaeTcsi Ha aKpaHe nosb3oBaTesns.

Wccnepyemas nonynsuusa v BbIbopka

Ha atane knuHu4eckon Banupaumy B paboTy 6bInn BKITOYe-
Hbl 330 geTei B Bo3pacTe oT 7 Ao 13 neT, noceLasLumnx geTckue
cTomaronorn4yeckne KnuvHukn B Konnegxe ctomaronoruu
YHusepcuteTa bacpebl, Upak. C60p gaHHbIX NPOXOAUN B Nepuog
C Hos16ps 2024 r. no mam 2025 r.

Kputepuun BKNOYEHWA: 300POBLIE AT, UMEIOLLNE MO MEHb-
e Mepe OAWH MOCTOSHHBIN MOMAp, y4acTue B UccnenosaHnm
poauTenen un pebeHka. [eTn ¢ (OUKCUPYIOLLMMU OPTOOOHTUYE-
CKMMW YyCTpOMCTBaMu, OOLUMPHLIMK pecTaBpauusimu 3y60B,
aHoManusMM amanu Unn noBefeHueM, MPensTCTBYIOWMM CO-
TPYAHNYECTBY, ObITN UCKITOYEHBI.

KnuHnyeckoe obcnepgoBaHne

KaxabI pebeHOoK npoLlen KIMHUY4ecKoe CToMaTonorn4eckoe
obcrnepoBaHne No 30M0TOMY CTaHZapTy Y JIMLEH3UPOBaHHOMO
JEeTCKoro cromaronora, He 3Hakomoro c pesynsratamu UU-
o6crnefoBaHns, ¢ UCMOMb30BaHNEM AMArHOCTUHECKUX KpUTepu-
eB BcemupHon opraHuzauum 3gpaBooxpaHeHus. [uarHoctu-
poBanock Hann4ne kapueca (1) nnéo ero orcytcteme (0).

Wcnonb3oBaHue NpunoXXeHUn

MCKYCCTBEHHOIO MHTENNeKTa

Cpasy nocrne KIMHU4eCcKoro o6cnefoBaHvsa 6binn caenaxbl
WHTpaopasnbHble hoTorpacdumn ¢ NCnonb30BaHMEM CTaHAAPTHON
Kamepbl cMapToHa C MOMOLLbIO PYKOBOACTBA AJ1 Nosib3oBarte-
N9 B OaHHOM MOBuiibHOM nmpunoxenun. Mpunoxenne N npo-
aHanM3npoBano N306paxeHnsi B peXrMe peanbHOro BpeMeHu 1
NpefocTaBuNo OBOMYHbIA pe3ynbTaT (MONOXUTENbHbIN/oTpUuLa-
TENbHbIN) MO HANU4MIO Kapueca. T peaynsrartbl Obln coxpa-
HEHbl 1 MO3Xe COMOCTaBMeHbl C KMMHUYECKUMW JaHHbIMW NS
CTaTUCTUHECKOro aHanmaa.

CraTucTMYeCcKUih aHanu3

Bce cTaTucTMyeckue aHanm3bsl NPOBOAMIMCE C UCMONb30BaHM-
em SPSS Statistics Bepcum 24. OnucaTenbHas ctatuctuka Cym-
MUpyeT aemMorpaduyeckme xapakTepmcTvkm (Bo3pacrt, non). beina
cosgaHa mMatpuua 2x2 gns cpaBHeHus peaynstatos W ¢ knnHu-
YeckMM cTaHgapToM. [uarHoctuyeckme nokasareny aheKkTms-
HOCTW BKMOHanM YyBCTBUTENbHOCTb, CNEeUMpUYHOCTb, MOMOXU-
TESIbHYI0 MPOrHOCTUYECKY ueHHocTb (PPV), oTpuuatensHyto
NporHocTm4eckyto LeHHocTb (NPV) n obyto TouHOCTb. Kaxabin

i
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Caries / Kapuec (+)
Al positive / YW nonoxuTenbHbii
Al negative / W1 oTpuuatenbHbivi

Total / Beero 236

Table 2. Comparison of Al application results and clinical diagnosis (n = 330)
Tabnuya 2. CpaBHeHue pe3ynbratoB UN-npunoxxeHns n KIMHUYeCcKon anarHoctTuku (n = 330)

163 (true positive) / (MCTUHHO MOMOXUTENBHBIE)
73 (false negative) / (noxHooTpuLatesnbHsle)

Caries / Kapuec (-) Total / Beero

1 (false positive) / (moxHooTpuyatesnbHele) 164
93 (true negative) / (MCTUHHO OTpuLaTENbHbIE) 166
94 330

Table 3. Diagnostic performance measures of the Al application

Metric / lNokasartesns

Sensitivity / YyscTeutensHoCTH

Specificity / CeyngpuyHocTs

Positive predictive value (PPV) / llonoxutenbHas nporHocTnyeckas LeHHoCTb
Negative predictive value (NPV) / OtpuiatensHas nporHoctn4eckas LeHHOCTb
Overall accuracy / O6Lyasi TOYHOCTb

TP - true positive; TN — true negative; FP — false positive; FN — false negative.

Tabnuya 3. lNoka3atenu gunarHocTuvyeckov TodyHoctn UN-npunoxxeHuns

Formula / ®opmyna Value / SHaqeHne
TP/ (TP + FN) 69.1%
TN/ (TN + FP) 98.9%
TP /(TP + FP) 99.4%
TN/ (TN + FN) 56%
(TP + TN) / Total / O6Lymii pe3ynbrat 77.6%

TP — UCTUHHO MONOXUTEbHbIE pesynbrarbl; TN — uctHHO oTpuLartesibHble pe3dyrbrarbl; FP — 11oXHoMonoxuresibHble pesynbrarbl; FN - JIOXHOOTpuLatesibHble pe3ysbTaThbl.

Table 4. Summary of validity analysis
Ta6nuua 4. CBOAHbIV aHann3 BangHoOCTH

Type of validity / Statistical test / Results / P-value / Interpretation /
Tun BanmgHoCcTH CratucTnyeckmi aHanma Pesynbratsi P-3HayeHmne WnTepnpetayms
Moderate-to-strong prediction of Al results by clinical diagnosis;
Predictive validity / : " _ a_ clinical gold standard explains 61% of variance in app output /
lporHocTnyeckas ﬂyll‘;g;:_’;grzsrs'ggc/m p= ?:'5_7?’6? 5(_3(? 1) <0.001 YmepeHHo-curibHas npefckasartesibHasi CriocobHoCTb pesysneraros VN
BaNMBHOCTb perp e 10 KIIMHN4ECKOMY ANarHo3y; KIMHN4YecK1e JaHHele coctasnsoT 61%
Aucriepcun B pesynbtatax npUMEeHeHNs MPUIIoXeHns
Concurrent validity / 9 Moderate real-time agreement between Al and clinical data /
KoHKypeHTHas l?opeael'}r_l;arLgc)Cr;’eplia%)gH; p=0.61 <0.001 YmepeHHas koppensuns mexay UV n KinHN4eckumMmn faHHbIMM
BanMAHOCTb ppendLl p B peasibHOM BpeMeHu

Discussion

This research set out to create and test a new Al-powered
mobile app that uses intraoral photos taken by smartphones to
identify dental cavities in children as soon as they appear. A total
of 330 children participated in a prospective assessment with
1,500 labelled intraoral pictures to build an Al model. A pediatric
dentist’s clinical examination was used as the gold standard to
evaluate the Al application’s diagnostic performance.

This viewpoint is significant because it has the potential to
facilitate communication between patients’ families and dentists
by proposing a rapid, harmless method for identifying tooth
decay prior to the development of severe symptoms. In rural
areas, where kids are less likely to participate for their dental
checkups, this method may be particularly valuable in pediatric
dentistry.

The program has a strong PPV (99.4%), and research shows
that it can properly detect dental caries with a specificity level of
98.9%. In contrast, sensitivity was 69.1% and NPV 56%. The
program seems to correctly diagnose caries, although it may
overlook microscopic, hard-to-see lesions due to poor capture.
This strategy emphasizes the app’s diagnostic capabilities, not
only its diagnostic skills.

Consistent with previous studies, this investigation found that
the diagnostic performance was good. Lee et al. (2018) found
that CNNs may be 66.7% sensitive and 83.3% specific in detect-
ing caries in intraoral pictures [33]. Using the same YOLOv3

nokasaresb npepcrasneH ¢ 95%-Mu foBepuUTenbHbIMU MHTEpPBa-
namMu C ucronb3oBaHneM MeTofa YuncoHa. [porHocTuyeckyto
[OCTOBEPHOCTbL OLEHUBANN C UCMOMb30BaHNEM NPOCTON NIMHEN-
HOW perpeccuu, € KIIMHUYECKMM AMarHo30M B Ka4ecTBe He3aBu-
cUMOW nepemeHHon u pesynstatoM W B kayecTBe 3aBUCUMON
nepemeHHon. MapannensHylo JOCTOBEPHOCTL OLIEHMBANMM C UC-
nonb3oBaHneM KoadpdmumeHTa koppensumn CnvpmeHa. 3Hade-
Hue p < 0,05 cuntanun cTaTUCTUYECKN 3HAYUMbIM.

Pe3ynbTaTbl MCCNeAoBaHuA

[JemorpaduyecKkue xapakTepucTmku

B nccneposaHune 6binu BkntoyeHbl 330 geten — 70,3% peso-
YeK 1 29,7% Manb4ymkoB. 1o BO3pacTy y4acTHUKKU Obinn pasge-
neHbl Ha 2 nogrpynnel: 7-9 net — 252 pe6eHka, 10—13 net —
78 petein. KnuHnyeckoe o6cnenoBaHmne nokasano, yro 236 (71,5%)
JeTen nmenu no KpawmHenh Mepe OHO KapuoO3HOe MnopaxeHue,
a 94 (28,5%) — He nmenu (Tabn. 1).

JnarHocTnyecKkue BO3MOXXHOCTU npunoxeHusa U

[drarHoctuyeckne BO3MOXHOCTU MOOGUIIBHOMO MPUIOXKEHUS
CpaBHMBanM € KNMHM4Yeckum obcnegosaHvem (taén. 2). Mpwuno-
xeHve NN BoiaBuno 163 pebeHka c Kapuecom n3 263 peten
C AMarHoCTMPOBaHHbIM Kapvecom Mpu CTaHAAPTHOM KIWHM-
yeckoM obcnegosaHun. MNpunoxeHne U Takxe onpepgenuno
93 13 94 petein ¢ OTCYTCTBMEM Kapueca, YCTaHOBIIEHHbIM Mpu
KIMHN4ECKOM 06CefoBaHnN.
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approach, Thanh et al. (2022) achieved a sensitivity of 74% in
detecting deterioration in intra-oral pictures [34]. To use deep
learning, Schwendicke et al. (2020) used bitewing radiography.
Researchers were able to detect proximal or hidden tumors,
which are more difficult to see with smartphone photos, using
radiographic imaging’s higher sensitivity (>80%) [35]. In addition,
when compared to younger dentists, Adnan et al. (2024) found a
specificity of 90.7% and a sensitivity of 85.6% when it came to
identifying dental caries [36]. Possible reasons for the decreased
sensitivity and NPV in our study include unreliable lighting, low-
quality images, and the inability of the Al model to detect tiny
or undetectable lesions.

Two more methods further demonstrated the app’s Al-based
validity. Clinical diagnosis was shown to have a substantial pre-
dictive effect on the app’s diagnostic outcomes when evaluating
predictive validity by linear regression (R? = 0.61, p < 0.001).
Concurrent validity was assessed using Spearman’s rank corre-
lation between Al scores and clinical status (p = 0.61, p < 0.001).
The Al evaluation agrees with the clinical gold standard when
done at the same time, as shown by this moderate positive asso-
ciation.

When taken as a whole, these findings demonstrate that the
app is a viable screening tool as it accurately depicts the preva-
lence of caries. Although it has the ability to forecast clinical
consequences, a clinical evaluation should be conducted to vali-
date any unfavorable app findings due to its lesser sensitivity.

With a 61% validity rate, the system accurately detected the
locations and quantities of carious lesions on every tooth in real
time. This research highlights the promising use of Al technol-
ogy in a non-clinical setting, namely in the home, and its pos-
sible reliability and therapeutic effectiveness. By letting parents
take intraoral pictures of their children and receiving immediate
feedback, the program encourages regular dental checkups,
promotes good oral hygiene habits, and lessens the chances of
sickness. Many important conclusions emerge when these
results are compared to other studies. Park et al. (2022)
achieved 81.3% success utilizing Al simulations on trained
experts’ intraoral pictures [37]. Park and his colleagues vali-
dated the results using controlled imaging and modern technol-
ogy. Users’ mobile device images from their houses were used
to build our application in real time. This discovery emphasizes
software flexibility and the prospect that smartphone Al apps
might fulfill diagnostic functions traditionally handled by high-
tech medical tools in clinical settings. When Thanh et al. (2022)
used deep learning to smartphone images, clinical effects were
similar. Research suggests smartphone-based image process-
ing might replace traditional dental decay diagnosis [34]. We
solely treat children, unlike their studies, which encompassed all
ages. This is essential because Al solutions must overcome
more diagnostic and behavioral obstacles in younger patients to
be successful. Nguyen et al. showed that Al is becoming more
relevant in dental caries diagnosis [38]. They also called for
further research on non-clinical image-based diagnostic
approaches. With these guidelines in mind, Al-powered apps
may be a feasible alternative to dentist clinics for monitoring
children’s teeth and gums. Our program’s ability to detect cari-
ous lesions and offer immediate, intelligible location information
is one of its greatest strengths. When parents have real-time
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[dunarHocTuyeckne nokasarenv

MpyMeHeHre pa3paboTaHHOro NPUIIOXKEeHNs 061agaeT BbICO-
Ko cneumdgunyHocTeio (98,9%) n Bbicoko PPV (99,4%), 4yto
yKasblBaeT Ha CMoCOO6HOCTb MOATBEPXAATb HanuuvMe Kapueca
3y60B (Tab6n. 3). Tem He MeHee ero 4yBCTBUTENbHOCTbL (69,1%)
1 NPV (56%) 6b1nn HUXe, CBMAETENBCTBYSA O TOM, YTO NP OTpU-
LaTenbHOM pe3ynbraTe NPUNoXeHUs HEKOTOPbIe CrlyYaun Kapue-
ca nponyckarTcs.

AHanus nocTtoBepHOCTU

O60CHOBaHHOCTL MpUMEHEHUs Ha ocHoee W oueHuBanu
C WCronb3oBaHMEM [BYX B3aMMOMOMONHSAWMX MNoAXo[0B
(Tabn. 4).

MporHoCcTMYeCKyo OOCTOBEPHOCTb OLEHMBANM C MOMOLLbHO
NIMHENHOWN perpeccuu, Npu 3TOM KNMHNYecKnii guarHo3s (0 = 6e3
kapueca; 1 = kapvec) npegckasbisan seixog . Mogens 6bina
o4eHb 3Haunmon (F (1328) = 165,566, p < 0,001), 4To gano cTaH-
JapTn3npoBaHHbIi KoadduumeHT B = 0,579 n R2 = 0,61. 310
yKasblBaeT Ha TO, YTO KIIMHUYECKUEe AaHHble cocTaBnaoT 61%
avcriepcun B pesynstatax NpuMeHeHns, 4eMOHCTPUPYS YMepeH-
HYIO W CUJbHYIO NMPOrHOCTUYECKYIO B3aUMOCBSA3b.

MapannensHaa BannaHOCTL Gbina uccrnegosaHa ¢ UCMonb30-
BaHvWeM paHroson koppensuum Cnvpmera mexgy 6annamm N
U KIMHUYECKUM CTaTycom, 4To gano p = 0,61 (p < 0,001). OTta
YMEepeHHas MONOXUTENbHas KOPPensauus MOATBEepXAaeT, 4To
npv 0AHOBPEMEHHOM nposefeHnn oueHka N xopoluo cornacy-
€TCA C KNMHUYECKNM 30M0TbIM CTaHAAPTOM AMArHOCTUKMW.

CoBMeCTHO 3TV pesynbTaThl MOATBEPXAAT BalMAHOCTb
NPUIIOXKEHNS KaK MHCTPYMEHTa CKPWHUHIa: OHO HagexXHo oTpa-
XaeT (pakTnyecknin ctatyc Kkapueca. [NpunoxeHve MoxeT npeg-
cKasaTb KIuHM4Yeckue pesynbTaTtbl, XOTA ero 6ofnee Hu3kas
YyBCTBUTENBLHOCTL NpegnonaraeT, YTO KNMHN4ecKoe o6¢cnenosa-
HVMe [OMKHO MOATBEPXAATb NOMyYEHHbIE B MPUOXEHUU OTPU-
LartenbHble pesdynbraThbl.

O6cyxpaeHue

HacTosuwee uccnegosaHue 6b1n1o NposedeHo Ansa paspadoT-
KN 1 KIIMHNYECKON Banugaunm HOBOro MOBGUbHOMO NMPUIIOKEHNS
Ha ocHoBe W onsa paHHero BbIIBNEHUS Kapueca y geTen ¢ rno-
MOLLIbIO MHTpaopasnbHbiX ¢oTorpadui, CHATbIX CMapTdOHOM.
OTO unccnepoBaHve OOBLEAUHWUIO TEXHUYECKY pas3paboTky
mogenun UW c ncnonb3osaHvem 1500 MapkKmpoBaHHbIX WHTpa-
oparnbHbIX MU306PaXeHU C MPOCMEKTMBHOW OLEHKOW C y4acTu-
em 330 geten. [lnarHocTnyeckue nokasarenu npumeHexus A
OLeHMBann B COMOCTaBIEHUN C KIIMHUYECKUM 06CnefoBaHneM
OETCKMM CTOMATOsIOroM.

BaxHOCTb 3TOro MoAxoda 3aknioyaeTcs B ero noteHuuane
AN NMKBUAAUMM paspbiBa MeXAy CEMbSMW U CTOMaTonoramu,
npegnarawLwemM OOCTYMHbIA, HEMHBA3UBHBLIA U 3(PEKTUBHBIN
Nno BPEMEHU pPexum AN BbISBEHUS Kapueca Ha Ha4asnbHbIX
cTagusx, 4o TOro Kak KIIMHNYeCKMe NPU3HaKn CTaHyT Cepbe3Hbl-
MW. OTa TEXHONOrUs ABNSETCS LIEHHOW B ETCKOM CTOMAaTONOorn,
B YCNOBUWAX, rAe HabniogeHve geten u obecneveHne perynsp-
HbIX CTOMAaTONOrMyecKUx OCMOTPOB MOTYT ObiTb OrPaHUYeHsbl,
B OCHOBHOM B CE/bCKMX OBLLIMHAX.

PesynbtaTthl nokasanu, 4TO NPUSIOXKEHUE SBMAETCA BbICOKO-
cneundunydHbiM (98,9%) n umeet Bbicokyto PPV (99,4%), uto
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access to this information, they may encourage their children to
see the dentist more or impose stricter habits. Despite the
positive results, several limitations should be noted. Photo qual-
ity differences caused by smartphone camera specs, illumina-
tion, and children’s engagement during photo collecting may
affect diagnostic accuracy.

Conclusion

This study validates a smartphone-based Al application for the
early detection of dental caries in children. Our findings demon-
strate that the proposed method achieves diagnostic perfor-
mance comparable to hospital-based Al models, as supported by
comparisons with previous research. The application’s accessi-
bility, ease of use, and real-time feedback on oral health and
preventive care make it a promising tool for addressing the need
for affordable, at-home dental diagnostic solutions.
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Mpo6nema MeXAMCUMNIMHAPHOrO B3aUMOAENCTBMS B BONPOCAX NMPOGUNAKTMKM

paHHero [eTCKOro Kapueca: pesynbTaTbl aHKETHOro MCCRefoBaHMs. Bonpochl

npakTuyeckoii neauarpun. 2026;21(1):98-106. / Sokolovich NA, Sverdlova SV,

yKasblBaeT Ha CNOCOBHOCTb NOATBEPXAATh NPOsABIIEHMEe Kapue-
ca 3y6oB. OgHako ero 4yBCTBUTENBHOCTbL cocTaBuna 69,1%,
a NPV 56%. HecmoTpsa Ha TO, 4YTO NpUIoXeHue XOpOoLLOo Mnofd-
TBEPXAAET HanMuMe Kapueca, OHO MOXET MponyckaTb cryyau,
Korga rnopaxeHusi TOHKME, CKpbITble UM NSIOXO 3ane4vatieHbl
Ha n3obpaxeHuax. OTW nokasaTenu MoAYepKMBalOT LIEHHOCTb
NMPUIIOXKEHNS B Ka4eCTBE MHCTPYMEHTa CKPUHWUHIA, a He eduH-
CTBEHHOIO MeTofa AMarHOCTUKM.

[dvarHoctuyeckne nokasaTenu, Nosly4eHHble B 3TOM UCChe-
JOBaHWM, COrNacyroTca C pe3ynsratamun npeabigyLnx nccnego-
BaHWi. Lee et al. (2018) coobLmnm o 4yBCTBUTENBHOCTY 66,7%
n creunduyHoctn 83,3% Mpu MCMosib30BaHUN CBEPTOYHOMN
HENPOHHOW CeTn ONs BbISBIIEHNA Kapueca Ha WMHTpaopasnbHbIX
doTorpadumsx [33]. B apyrom nccnegosanum Thanh et al. (2022)
Takxe ncnonb3osanun anroput™ YOLOvV3, foCTUrHyB 4yBCTBU-
TeNbHOCTU 74% AN 06Hapy>XXeHus pacnaja Ha UHTpaopasbHbIX
nsobpaxerusx [34]. Schwendicke et al. (2020) npumenunun rny-
60K0e 06y4eHne K BUTOBbIM peHTreHorpammam. OHM 06HapyXu-
nn 60s1ee BbICOKYK YyBCTBUTENBHOCTL (>80%), OTpaxaroLlyo
NPEeMMYyLLIECTBO PEHTreHorpacu4eckon Budyannsaumm B o6Ha-
PY>XEHUWN CKPbITbIX UMY MPOKCUMASIbHBIX MOPaXeHUIN, CrnoXxHee
BbISIBMIAEMbIX MpPU CbeMKe cmapTdoHoMm [35]. Kpome ToOro,
Adnan et al. (2024) coobLmnu o YyBcTBUTENBHOCTU 85,6% U
crieundmnyHocTn 90,7% npy 06HapY>XeHUn kapueca no cpasHe-
HUIO C pgeTckumn ctomartonoramm [36]. OTHocuTenbHO 6onee
HU3Kne 4yBcTBUTENBHOCTL M NPV B HacTosLLeM nccnegosaHum
MOTryT 6bITb O6BbACHEHbI OFPaHUYEHNAMU KadecTBa M306paxe-
HUS, M3MEHYMBOCTBIO OCBELLEHUSI U HECMOCOBHOCTbIO MOoAenu
NN o6HapyxunBaTh HEGOSbLUME NOPAXEHUS.

BanupHocTb npunoxeHus Ha ocHoee W 6bina gononHutens-
HO NoATBepXAeHa C MCMoNb30BaHMEM [BYX B3aUMOLOMOSHSAIO-
LLmxX nogxofos. [NporHoctuyeckas [OCTOBEPHOCTL OLEeHMBanach
C MOMOLLbIO NIMHEMHON PEerpeccumn ¢ KINMHUYECKMM OMarHo30oMm
(R? = 0,61, p < 0,001), 4to NO3BONSAET NPELMNONOXUTL, YTO KIN-
HUYECKUA OMarHO3 3Ha4MTeNbHO MpeAckasbiBan pesynbraThl
OVMarHOCTUKWN npunoxexus. MNapannensHas BanvMAHOCTb Obina
uccnegosaHa € UCMosib30BaHNMEM paHrosou Koppensumm Cnvp-
MeHa mexgay 6annamu N n knuHmnyeckum crtatycom (p = 0,61,
p < 0,001). Ota ymepeHHas NonoxuTenbHas KOppensaumsa nog-
TBEPXAAET, YTO NpU OOHOBPEMEHHOM nposefeHnn oueHka N
XOPOLLO COrnacyercs ¢ KNMHNYECKUM 30M0TbIM CTaHOAPTOM.

BmecTe aTn pesynsTaThl NOATBEPXAAIOT BaANMNAHOCTb NPUIIO-
XEHNA KakK MHCTPYMEHTA CKPUHMHra: OHO HafeXHO oTpaxaeT
hakTMyeckuin ctatyc Kapueca. punoxeHve MOXeT npencka-
3aTb KNMHWYECKWe pes3ynbTaTtbl, XOTA ero 6oriee HU3Kas 4vyB-
CTBUTENBHOCTb NpefnonaraeT, YTO KNMHUYeCckoe obecnefosaHme
JOSKHO NOATBEPANUTL OTpuLaTenbHble pedynbraTbl.

MpryMeHeHVe NpUNoXeHns NPoOAEeMOHCTPMPOBANO JOCTOBEp-
HoCTb 61%, npepocTasnsAa pes3ynsTaTel B peasibHOM BPEMEHU
OTHOCUTENbBHO KONMNYECTBa KapWO3HbIX MOPaXEHWM U UX KOH-
KPETHBbIX MECTOMOMIOKEHUA Ha KaxAoM 3y6e. OTOT pesynbrar
NnoA4epKMBaeT MNOTEHUMANbHYI HAOEXHOCTb U KIMHUYECKYHO
LEHHOCTb MCMonb30BaHWsA TexHonormm NN B HEKNMHWYECKMX,
JomaluHmx ycnosusix. [lossonss poguTensm fAenatb MHTpa-
oparnbHble N306paxeHnst y CBOUX AeTer 1 nonyyaTb HemeaneH-
HYI0 06paTHYI0 CBS3b, NPUIIOXXEHNE CNOCOOCTBYET NPohunakTn-
YEeCKUM MeponpuATUSM B OTHOLUEHWM 3[0POBbS MOMOCTU PTa,
CHWXaeT PUCK NporpeccupoBaHnsl 3aboneBaHus U nooLlpsieT
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CBOEBpEMEHHbIE MnoceLleHns ctomaTonoros. lpu cpaBHeHUn
3TUX pe3ynbTaTtoB C NPeaplayLIMMM UCCNeOOBaHNAMN BO3HUKA-
€T HeCcKonbko BaXKHbIX HabnwogeHun. B nccnegosanum, npose-
deHHom Park et al. (2022), mogenuposaHnune VW, npumeHeHHoe
K MHTpaopasnbHbiM dhoTorpadumsam, caenaHHbiM Npodeccmo-
HanbHbIMX WHTPaopanbHbIMW Kamepamu, JOCTUMNO TOYHOCTU
81,3% [37]. B 3TomM uccnegosaHMmn UCMOb30BaHbl KOHTPONUPY-
eMble YCMOoBMS BM3yanm3aummn 1 BbICOKOKa4eCcTBeHHOe 06opyno-
BaHue. [pn 3TOM HacTosILEee NPUIOXKeHNe OCHOBAHO Ha CHUM-
Kax, CHATbIX CMapTOHOM B JOMALLHWX YCIOBUAX. DTOT BbIBOA
NoA4epKMBaeT BXXHOCTb afanTUBHOCTU NPOrpaMMHOro obecne-
YeHusa 1 noTeHuman nHcTpymeHToB VI Ha ocHoBe cmapTdoHOB
AN COOTBETCTBUSA ANArHOCTUYECKMM AaHHbIM 60nee CroXHOro
KNMYHMYECKOro o6opynoBaHus B pearbHblX ycrosusix. MNogo6Ho
JaHHoMmy uccnegosaHuio, Thanh et al. (2022) npumeHsnu meTo-
Obl rny6oKoro obyyeHus K potorpadmsiM cMapTOHOB U Nony-
YUNN COMOCTaBMMbIE KNMHMYeCcKkue pesynbratbl. B nx pabote
YCTAHOBNEHO, YTO aHanmM3 u3obpaxeHunii Ha OCHOBE cMapTdo-
HOB MOXET 6ObITb LIEHHOW BO3MOXHOCTbIO OBHAPYXEHUSA Kapue-
ca [34]. OgHako, B OTNMYME OT HACTOSILLIEro UCCnefoBaHus, nx
nccnenosaHe NpoBOAUIIOCE HA CMELLIAHHOW BO3PaCcTHOW rpymn-
ne, TOrAa Kak gaHHas paboTta cocpefoToyeHa Ha nepgmaTpuye-
CKMX_MmaumeHTax. ITOT POKYC BaXKEH, MOTOMY 4TO 60fee toHble
naumneHTbl YacTo CO3[a0T AOMNOJNHUTENbHbIE AMAarHOCTUYECKNE U
noeefeH4Yeckne Npobnembl, KOTOpble HEOOXOANMO PeLUnTb Ans
apheKkTMBHOCTM NMHCTPYyMeHTOB U B aTOM noarpynne. B coot-
BeTcTBYtOLLleM 063ope Nguyen et al. mog4epkHynu pacTyLyto
BaxHoCTb VIN pnsa BbisBNeHus kapueca 3y60B, B 4aCTHOCTW,
yKasaB Ha Heo6x0OMMOCTb pacLLUMPEHUS UCCneaoBaHni B obna-
CTU HEKNMHUYECKUX AMAarHOCTUHECKUX MHCTPYMEHTOB Ha OCHO-
Be n3obpaxeHui [38]. HacTosee nccnegosaHne cornacyercs
C STUMW pPeKOMeHAAUMSAMMW, OEMOHCTPUPYS, YTO MNPUIOXEHUSA
Ha ocHose VN moryT achheKkTMBHO (hyHKLIMOHMPOBATL 3a npeae-
namMn CTOMAaTONOrMHYeCKMX KIMHWK, NOTEHUManbHO npuBekas
poauTenen K HenocpefcTBEHHOMY MOHUTOPUHIY 3[0POBbS
nonoctu pra. NpenmyLLecTBOM CO34aHHOMO B paMKax uccnego-
BaHWA NPUIOXEHUS SBMSETCA ero CNoCO6HOCTb MPefoCcTaBnsATh
B PEXMME peasnibHoOro BPEMEHWN YETKYI M yOOOHYI0 06paTHyio
CBSi3b O HANN4YUU N MECTOHAXOXAEHNN KapnO3HbIX MOPaKEHWN.
HemepnneHHoe nonyveHne aTon MHopMauum NO3BONSET poau-
TensAM akTMBHO pearmpoBath, NOTEHUMANbHO MNaHnMpys paHHne
noceLLieHMsa CTOMaTosora Uinn yny4diuas Mepbl rurmeHsl nonocTu
pTa. HecmoTpsa Ha nonoxuTenbHble peadynbraTbl, criegyet oTMe-
TUTb HECKOJIbKO OrpaHnyeHni. BapnatmBHOCTb KadecTsa M30-
6paxeHua K3-3a pasMyuMi cneumdumkaumn kKamepbl cmapT-
(hoHa, OKPY>XaloLLEero OCBELLEHUs U COTPYAHNYECTBa AeTEN BO
BpEeMs NONyYeHns 306paxkeHns ocTalTcs NPo6emMon, kotopas
MOXET NOoBJINATbL HA TOYHOCTb AMArHOCTUKMW.

3akno4veHve

lMpoBegeHHOe unccnegoBaHWe MNOATBEPXAAET KIMHUYECKYHO
LeHHocTb npunoxexnna U Ha 6a3e cmapTtdhoHa Ons paHHero
BbifIBNIeHMsA Kapueca y peten. [pu cpaBHEHMU NONYYEHHbIX
pe3ynsTaTtoB C CYLLECTBYIOLMMN UCCEN0BaHNSAMMN CTAHOBUTCA
04EeBUOHO, YTO pa3paboTaHHOe NMPUIIoXeHWe npepnaraeT ava-
rHOCTMYECKME MoKasaTtenu, conoctaBumble ¢ mogenamu U,
NPUMEHSEMbIMU B KIIMHUYECKUX YCnoBuax. JOCTynHOCTb, Mpo-

L



X.C.Axmeq n ap. / Bonpochkl getckoi guetonoruu, 2026, Tom 24, Ne2, c. 93-102

H.S.Ahmed et al. /| Pediatric Nutrition, 2026, volume 24, No 2, p. 93-102

28. Chang K. Applying Convolutional Neural Networks for Radiographic Diagnosis of
Periodontally Involved Teeth [master's thesis]. Houston: The University of Texas
School of Dentistry at Houston; 2023.

29. Adnan S, Lal A, Naved N, Umer F. A bibliometric analysis of scientific literature
in digital dentistry from low- and lower-middle income countries. BDJ Open.
2024 May 25;10(1):38. DOI: 10.1038/s41405-024-00225-4

30. Shan T, Tay FR, Gu L. Application of Artificial Intelligence in Dentistry. J Dent Res.
2021 Mar;100(3):232-244. DOI: 10.1177/0022034520969115

31. Lal A, Umer F. Navigating challenges and opportunities: Al's contribution to
Pakistan's sustainable development goals agenda — a narrative review. J Pak Med
Assoc. 2024 Apr;74(4 Suppl 4):S49-S56. DOI: 10.47391/JPMA.AKU-9S-08

32. Park EY, Cho H, Kang S, Jeong S, Kim EK. Caries detection with tooth surface
segmentation on intraoral photographic images using deep learning. BMC Oral
Health. 2022 Dec 7;22(1):573. DOI: 10.1186/s12903-022-02589-1

33. Lee JH, Kim DH, Jeong SN, Choi SH. Detection and diagnosis of dental caries
using a deep learning-based convolutional neural network algorithm. J Dent. 2018
Oct;77:106-111. DOI: 10.1016/j.jdent.2018.07.015

34. Frenkel E, Neumayr J, Schwarzmaier J, Kessler A, Ammar N, Schwendicke F, et al.
Caries Detection and Classification in Photographs Using an Artificial Intelligence-
Based Model — An External Validation Study. Diagnostics (Basel). 2024 Oct 14;
14(20):2281. DOI: 10.3390/diagnostics14202281

35. Sharma S, Kumari P, Sabira K, Parihar AS, Divya Rani P, Roy A, et al. Revolu-
tionizing Dentistry: The Applications of Artificial Intelligence in Dental Health Care.
J Pharm Bioallied Sci. 2024 Jul;16(Suppl 3):51910-S1912. DOI: 10.4103/jpbs.
jpbs_1290_23

36. Adnan N, Faizan Ahmed SM, Das JK, Aijaz S, Sukhia RH, Hoodbhoy Z, et al.
Developing an Al-based application for caries index detection on intraoral
photographs. Sci Rep. 2024 Nov 5;14(1):26752. DOI: 10.1038/s41598-024-
78184-x

37. Chen W, Dhawan M, Liu J, Ing D, Mehta K, Tran D, et al. Mapping the Use
of Artificial Intelligence-Based Image Analysis for Clinical Decision-Making in
Dentistry: A Scoping Review. Clin Exp Dent Res. 2024 Dec;10(6):670035.
DOI: 10.1002/cre2.70035

38. Nguyen-Duc A, Cabrero-Daniel B, Przybylek A, Arora C, Khanna D, Herda T, et al.
Generative Artificial Intelligence for Software Engineering — A Research Agenda.
arXiv [Preprint]. 2023 [cited 2024]. Available from: arxiv.org

Information about co-authors:

Nadia Azzam Al-Shareeda, MSc in Pediatric Dentistry, Lecturer, Department
of Pedodontics, Orthodontics and Preventive Dentistry, College of Dentistry,
University of Basrah, Basrah, Iraq

E-mail: nadia.abdulwahab @ uobasrah.edu.iq

ORCID: 0000-0002-1815-4388

Sarah A. Haji, Lecturer, Department of Pedodontics, Orthodontics and Preventive
Dentistry, College of Dentistry, University of Basrah, Basrah, Iraq

E-mail: sarah.haji@uobasrah.edu.iq

ORCID: 0000-0001-7936-8403

WHcbopmaLums o coasTopax:

Anb-LLapvpa Hagus A3sam, marucTp AeTCKor cToMaTtonoruv, npenogasarenb
Kadheapbl AETCKOW CTOMATONOMMN, OPTOAOHTUM U NPOUNAKTUHECKON
CTOMaToNnorun, Konneax ctomatonorum, YHmeepcutet bacpsl, bacpa, Mpak
E-mail: nadia.abdulwahab @ uobasrah.edu.iq

ORCID: 0000-0002-1815-4388

Xapxun Capa A., npenofasatens kadenpbl 4ETCKON cTOMaTonoruu,
OPTOAOHTUM M NPOMNIAKTUHECKOW CTOMATONOIMK, KONEeAX CTOMATONormu,
YuueepcuteT bacpsl, Bacpa, Upak

E-mail: sarah.haji@uobasrah.edu.iq

ORCID: 0000-0001-7936-8403

CTOTa MCNosib30BaHUA U O6paTHaF| CBA3b B pexunme peasibHOro
BpeMeHu, npenocrtasjiieMble 3TUM NpuroxeHmem, no3nNUmnoHn-
PYHOT ero Kak LeHHbIN MHCTPYMEHT B NpoABMXEHUN I'IpOGbVIJ'IaK-
TUYEeCKOro yxoga 3a nosnocCTbio pTa 'y Jeten n obecneveHnn no-
TpeéHOCTI/I B AOCTYNHbIX CTOMATONTIOrM4eCKUX anarHoCTU4eCKnx
peleHnax B gOMaLUHNX YCITOBUSAX.

UcTouHuku chuHaHcuMpoBaHUs

ABTOpbI 3asiB/IAIOT 06 OTCYTCTBUMN BHELLHErO (OMHaHCUpoBa-
HUsA npu ripoBegeHnn nccriegoBaHvs U riogrotoBke nyﬁﬂMKaL{MVl.

Funding

No funding was received for conducting this study and prepar-
ing the manuscript for publication.

KoHthnukT nHtepecos

ABTOpbI 3aABASIOT 06 OTCYTCTBUN OTHOLLEHWH, AeSATENTLHOCTU U
MHTEepecoB 3a NocreaHne Tpu roga, CBsI3aHHbIX C TPETbUMU SULa-
MU (KOMMEDHECKUMU 1 HEKOMMEPYECKMU OpraHn3aumsimm), nH-
Tepechbl KOTOPbIX MOryT ObITb 3aTPOHYThbl COAEPXAHNEM CTaTbY.

Conflict of interest

The authors have no relationships, activities, or interests with
third parties (commercial or non-commercial organizations) to
declare that could have influenced the work reported in this paper
in the last three years.

ATuyeckas akcnepTusa

UccnepgosaHne 661710 0[0OPEHO JIOKAsIbHbIM 3TUYECKNM
KOMUTETOM Kosisiegxa cromaronormm Yausepcuteta bacpel.
Mo Ha4ana nccrnenoBaHus nony4eHo MHGOPMUPOBaHHOE corna-
cue oT poamTesied NayneHToB uam ux 3aKOHHbIX NpejcTasuTe-
J1ed, a Takxe oT camMux geteun. AHOHUMHOCTb y4aCTHUKOB CTPOIro
cobnoganace. Bce npouyenypbl npoBoaunncs B COOTBETCTBUU
C ITUHECKUMU MPUHLUMNAMU, WU3SIOKEHHbIMU B XeslbCUHKCKOM
Aexknapauymu.
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Bknap aBTOpOB

Bce aBTopbl 0ogobpuav pykonuck (Bepcuto Ans nyonmkauymm),
a Takxe cornacuiicb HeCTu OTBETCTBEHHOCTb 3a BCe acreKTbl
HacTosLLe paboTbl, rapaHTUPYIOT HaaexaLlee paccMoTpeHUe
M peLueHne BOornpocoB, CBA3aHHbIX C TOYHOCTbLIO U JOO6POCOBECT-
HOCTbLIO J1060V ee HacTu.
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FeHepaTUBHbIA UCKYCCTBEHHbIW UHTENNEKT

lpn cozpgaHmn HacTosLeVi CTaTbu TEXHOMOMMU reHepaTuB-
HOIro UCKYCCTBEHHOIO MHTEINIEKTA HE MUCMOMIb30BAJIN.
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