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Abstract. Artificial intelligence (Al) has become one of the fastest-growing technologies in
healthcare, fundamentally transforming clinical decision-making, disease diagnosis, treatment
planning, and patient management. Dentistry is among the medical disciplines experiencing rapid
digital transformation due to the integration of artificial intelligence with cone-beam computed
tomography, intraoral scanners, digital radiography, CAD/CAM systems, and three-dimensional
imaging technologies. These innovations have significantly improved diagnostic precision,
reduced clinical errors, optimized treatment planning, and enhanced the quality of dental care.

Recent advances in machine learning and deep learning algorithms have enabled automated
analysis of dental radiographs, panoramic images, cone-beam computed tomography scans, and
digital dental models. Numerous clinical studies have demonstrated that Al systems achieve
diagnostic performance comparable to experienced clinicians in detecting dental caries, periapical
lesions, periodontal bone loss, root canal morphology, orthodontic abnormalities, and implant
planning. Furthermore, Al-based decision-support systems contribute to personalized treatment
strategies by integrating radiographic findings with clinical and demographic information.

Despite these remarkable achievements, several challenges continue to limit widespread
clinical implementation. These include insufficient external validation of Al algorithms, limited
availability of standardized datasets, concerns regarding patient privacy and data security, ethical
and legal issues, algorithm transparency, and the necessity of maintaining clinician supervision
throughout the diagnostic and therapeutic process.

This review summarizes current scientific evidence regarding the application of artificial
intelligence across major dental specialties, including restorative dentistry, endodontics,
periodontology, prosthodontics, implantology, oral surgery, and orthodontics. Additionally, current
limitations, ethical considerations, future technological developments, and opportunities for
integrating Al into routine dental practice are discussed. Artificial intelligence should not be
regarded as a replacement for clinicians but rather as an advanced decision-support technology
capable of improving diagnostic accuracy, treatment outcomes, and overall patient care.

Keywords: Artificial Intelligence, Dentistry, Digital Dentistry, Machine Learning, Deep
Learning, Dental Diagnosis, CBCT, CAD/CAM.
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KA3IPI'T CTOMATOJIOT'UAJATBI KKACAH/IbI UHTEJIJIEKT: IUAI'HOCTUKA
MEH EMAEVAET'T MYMKIHAIKTEPIL, IHIEKTEYJIEPI )KOHE JTAMY
IHHEPCIIEKTHUBAJIAPDBI

Amnapo6aena I'H., CanmeBa JI.M.
Kooica Axmem HAcayu amvinoazvl Xanvikapanvlk Kazak-mypik yrueepcumemi, Cmomamono2us
Gaxyrememi (Typricman, Kaszaxcman)

Amnaarna. JXacaH[Ibl HHTEIUIEKT Ka3ipri MEIUIIMHAHBIH CH KaApKBIH/bI TAMBIIT KeJle KaTKaH
TEXHOJIOTHSUIAPbIHBIH  Oipi OoNbIl TaObLIaAbl >KOHE CTOMATOJIOTHSI CAACBIHBIH IUQPIBIK
TpaHchopMalMsIChIHAA MaHBI3[bl OpPbIH alajbl. MalluHAIbIK OKBITY MEH TEpPeH HEWPOHIBIK
JKENJIEPIIH J1aMybl CTOMATOJOTHSUIBIK aypyiapibl JAUAarHOCTUKANAY[AbIH ASIAINIH apTThIPHI,
eMJIey TaKTUKAChlH >KOCHapijayibl KETUIAipyre, KIWHUKAJIBIK MIClIiM KaObuigay YHAepiciH
OHTaMNaHABIPYFa MYMKIHAIK Oepyzae. JKacaHpl MHTEIJIEKTTI KOHYCTBIK-COYIENIK KOMITbIOTEPIIK
ToMorpadusiMeH, HUQPIbIK peHTreHorpadusiMeH, ayb3iliik ckanepiaeyme xxone CAD/CAM
XKyHenepiMeH OipiKTipy CTOMAaTOMOTHSUIBIK KOMEKTIH CarachlH JKaHa JICHrelre KeTepyne.

CoHFBl  KBULIAPBI JKYPTi3UIT€H XaJIBIKAPAIBIK 3epTTEYJCp JKacaHAbl HHTEJUICKT
AITOPUTMJICPIHIH TICKET1, MAPOJOHT aypysiapbl, MepUAITHKAIbIbI ©3repicTep, TYOIp 63eKTepiHiH
AQHATOMMSICHI, MMIUIAHTAIUSHBI JKOCIAPJIAy KOHE OPTOMOHTHSUIBIK €MJCYy Ke3iHIE JKOFaphl
JTUArHOCTUKAJBIK JIJIIKKE KON kKeTKi3eTiHiH KepceTTi. COHbIMEH Karap >KacaHIbl WHTEJUIEKT
JOpirepaiH KIMHUKAIBIK [IeNiM KaObUIAayblH KOJJIAWTBIH HMHTEJUIEKTYaJAbIK Kypasl peTiHe
MAIMEHTKE JKEKEJICHIIPUITeH eM/eY JKOCHapbIH KYpyFa MYMKIHIIK Oepei.

ConpiMeH Oipre aranfaH TEXHOJIOTHSIHBI KEHIHEH €HTi3y JEpeKTepIiH KYIUSIbLIIBIFBL,
ANTOPUTMACPAIH CTAHIAPTTATYBI, STUKAIBIK MOcelelep, KYKBIKTBIK PETTEY JKOHE KYHelaepiH
KJIMHUKAJIBIK CEHIMIUIIN CHSAKTBI OlpKarap MaHbI3[Abl MoceleNep/l IIelIyll Tajlam eTefl.
CoHABIKTaH JKacaHJbl WHTCIUICKT JOPITepHiH OPHBIH  aJIMAacThIpAaThIH  Kypal —eMec,
CTOMATOJIOTUSUIBIK KOMEKTIH THUIMAUIN MEH KayllCI3AIriH apTThIpaTblH MHTEIIEKTYallIbIK
KIMHUKAJIBIK KOJIJIay JKyHecl peTiH/ie KapacThIPbUIYhI THIC.

byn wmakanama jkacaHapl WHTEIUVICKTTIH TEPANUSIBIK, XHUPYPTUSIIBIK, OPTOMETUSIIBIK
CTOMATOJIOTUSAIA, DHAOMOHTHAA, MapOJAOHTOJOTHSAA >KOHE OPTOJAOHTHSANA KOJJAHBLTYBIHBIH
Ka3ipri >Karjaibl, HETI3T1 apTHIKIIBUIBIKTAPHI, MIEKTeyJepl JKOHE JaMy NepCleKTUBalaphl
KapacTBIPBUIFaH.

Tyiiin ce3nep: xacaHIbl HHTEJUICKT, CTOMATOJIOTHS, U PITBIK CTOMATOJIOTHSI, MAITUHAJIBIK
OKBITY, TEPEH OKBITY, KOMITBIOTEPITIK TOMOTpadus, JMArHOCTHKA.
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MCKYCCTBEHHBIN MHTEJJEKT B COBPEMEHHOM CTOMATOJIOT UH:
COBPEMEHHBIE BO3MOXKHOCTHU, O'PAHUYEHUSA U ITEPCIIEKTUBbBI
JAUATHOCTHUKU U JIEYEHUA

Amnapo6aena I'H., CanueBa JI.M.
Medicoynapoonwiil kKazaxcko-mypeyxkuil yrugepcumem umernu Xoodcu Axmeoa AHcaesu, gpaxynvmem
cmomamonoeuu (Typkecman, Kazaxcman)

AHHoOTauusl. VICKYCCTBEHHBI WMHTEIUICKT SIBISIETCS OAHOM U3 Hambosee OBICTPO
Pa3BUBAIOIIMXCS TEXHOJOTMH COBPEMEHHON METUIIMHBI M MIPaeT BaXKHYIO POJIb B LU(POBOH
Tpanchopmanuu croMarosorud. COBpEeMEHHbIE METOJbl MAIIMHHOTO OOy4YeHHS M TIIyOOKHX
HEHPOHHBIX CETEH 3HAYMTEJIBHO PACHIMPSIIOT BO3MOXHOCTH JMATHOCTUKH CTOMAaTOJIOTMYECKHX
3a00NieBaHUM, TUJIAHUPOBAHUSl JICUYECHUS M IPOTHO3UPOBAHUS KIMHUYECKUX DPE3YJIbTaToB.
WuTerpanus MCKYyCCTBEHHOTO WHTEIJIEKTa ¢ HudpoBol peHTreHorpadueid, KOHYCHO-ITy4eBON
KOMITbIOTEpHOU ToMorpacdueit, BHyTpupoToBbiM ckaHupoBanueM u CAD/CAM-TexHOIOTUAMU
CIIOCOOCTBYET  MOBBIIIEHUWIO TOYHOCTH  JAMArHOCTUKHM H  A((EKTUBHOCTH  OKa3aHUS
CTOMATOJIOTHYECKON TTIOMOLIH.

MHOro4YuClIEHHbIE HCCIEI0BAaHUS TOCIEIHUX JIET CBHUJETENBbCTBYIOT O BBICOKOU
JUArHOCTUYECKON 3(PPEKTUBHOCTH AJTOPUTMOB MCKYCCTBEHHOI'O MHTEJUIEKTA IPU BbISBICHUU
Kapueca, 3a00JeBaHUN TMApPOJOHTA, TMEPUANUKAIBHBIX MOPAXKEHUN, TATOJIOTUHA BHCOYHO-
HIDKHEYENIFOCTHOTO ~ CyCTaBa, AHAJIW3€  OKKIIO3UM, IUIAHUPOBAHWM  HMIUIAHTAUUU U
OPTOIOHTUYECKOro  JieueHHs. lcnonb30oBaHME  MHTEIUIEKTYaJbHBIX  CHUCTEM  IO3BOJISIET
aBTOMAaTU3UPOBaTh 00pPaOOTKY OONBIIMX MACCHMBOB MEAMIIMHCKHX JAaHHBIX, COKPaTHUTh BpeMs
aHanM3a U300paKeHU 1 MUHUMHU3UPOBATh BEPOSTHOCTh TUATHOCTHYECKUX OIIUOOK.

Bwmecte ¢ TeM 1mmpokoe BHEAPEHNE UCKYCCTBEHHOIO MHTEJUIEKTAa COMPOBOXKIAETCS PAIOM
OpraHM3al[MOHHBIX, ATHYECKMX U TEXHMYECKUX MpolsieM, BKJIOYash HEOOXOAUMOCTh
CTaHJapTH3aLUU aJTOPUTMOB, oOOecredeHne KOH(PHUIEHIUAIbHOCTH IE€PCOHAJIBHBIX JIaHHBIX
MAIMEHTOB, COBEPILIEHCTBOBAaHHE HOPMATUBHO-IIPABOBOTO PETYIUPOBAaHUS M 00s3aTeinbHOE
COXpaHEHUe BeAyLIEH POIu Bpaya IpH MPUHIATHH OKOHYATEIbHBIX KIMHUYECKUX PEIICHUN.

B HactosmeM 0030pe TpeAcCTaBIE€Hbl COBPEMEHHBIE HANpaBICHUS TNPUMEHEHUS
UCKYCCTBEHHOTO HHTEJUIEKTa B  pPA3JIMYHBIX  pa3fellax CTOMAaroJIOTHH, PacCMOTPEHBI
IIPEUMYILIECTBA, OTPAHUYEHUS U NIEPCIEKTUBBI JaJIbHEUILIEr0 pa3BUTHSI JAHHOW TEXHOJIOTHH.

KuroueBble cjioBa: MCKYCCTBEHHBIN MHTEJUIEKT, CTOMATOJIOTHS, [IM(pOBasi CTOMATOIOTHUs,
MallIMHHOE 00y4eHue, yOokoe 00yueHue, KOMIbIOTEpHas ToMorpagus, TMarHoCTUKA.

Introduction. Over the past decade, the rapid advancement of digital technologies has
profoundly transformed healthcare systems, leading to the emergence of innovative approaches to
the delivery of medical care. Among these technological innovations, artificial intelligence (Al)
has become one of the most influential developments, significantly improving diagnostic accuracy,
optimizing treatment processes, and enhancing clinical decision-making. Today, Al is widely
applied across numerous medical disciplines, including radiology, oncology, cardiology,
ophthalmology, and dentistry.
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Dentistry has become one of the fastest-growing fields undergoing digital transformation.
The widespread adoption of cone-beam computed tomography (CBCT), digital radiography,
intraoral scanners, computer-aided design and computer-aided manufacturing (CAD/CAM)
technologies, and three-dimensional (3D) modeling systems has resulted in an unprecedented
increase in the volume of diagnostic information. Consequently, the need for rapid and highly
accurate analysis of these large datasets has become one of the primary driving forces behind the
integration of Al into modern dental practice.

Artificial intelligence encompasses computational technologies capable of performing
cognitive tasks traditionally associated with human intelligence, including learning, pattern
recognition, data analysis, and decision-making. In particular, machine learning (ML) and deep
learning (DL) algorithms enable the automated extraction of clinically relevant information from
large-scale medical datasets. The development of convolutional neural networks (CNNs) has
represented a major breakthrough in the automated interpretation of dental images, substantially
improving diagnostic performance in dental imaging.

Currently, Al-based systems demonstrate high diagnostic accuracy in detecting dental
caries, periapical lesions, periodontal bone loss, root canal morphology, and various pathological
conditions affecting the maxillofacial region. Numerous international studies have reported that
the diagnostic sensitivity and specificity of certain Al algorithms are comparable to those achieved
by experienced dental professionals.

One of the major advantages of Al lies in its ability to improve the objectivity and
consistency of the diagnostic process. Conventional diagnosis largely depends on the clinician's
experience, subjective interpretation, and workload, whereas Al algorithms analyze thousands of
images according to standardized criteria within a relatively short period. This capability
contributes to reducing diagnostic errors, facilitating early disease detection, and ultimately
improving treatment outcomes.

In restorative dentistry, Al has been successfully applied to the detection of early carious
lesions, enamel demineralization, and periapical pathology. In endodontics, Al enables automatic
assessment of root canal anatomy, identification of accessory canals, and evaluation of the quality
of root canal treatment. In periodontology, Al-based quantitative analysis of alveolar bone levels
provides an objective method for monitoring disease progression and treatment effectiveness.

In prosthodontics, Al assists in the digital design of crowns, veneers, and fixed dental
prostheses by automatically analyzing occlusal relationships and optimizing both functional and
esthetic parameters. Furthermore, the integration of Al with CAD/CAM systems improves the
precision of prosthetic fabrication while red ucing the duration of both clinical and laboratory

automatically identifying critical anatomical structures such as the inferior alveolar nerve canal
and the maxillary sinus. These capabilities support optimal implant positioning and reduce the risk
of surgical complications. In orthodontics, Al is increasingly employed for cephalometric analysis,
automatic landmark identification, prediction of tooth movement, and simulation of treatment
outcomes.

Despite these remarkable advances, the widespread implementation of Al in clinical
dentistry presents several scientific and practical challenges. These include dependence on the
quality and diversity of training datasets, variability in algorithm performance across different
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ethnic populations, concerns regarding patient data privacy, the need for explainable artificial
intelligence (Explainable Al), issues related to legal responsibility, and the absence of universally
accepted regulatory standards.

Moreover, many Al algorithms have primarily been validated using carefully curated
datasets or images acquired from specific imaging devices, limiting their generalizability to routine
clinical practice. Therefore, evaluating the reliability, robustness, and clinical applicability of Al
systems across diverse healthcare settings remains one of the major priorities in contemporary
dental research. At present, the scientific community increasingly recognizes that Al should not
be regarded as a replacement for dentists but rather as an intelligent clinical decision-support tool.
This collaborative approach combines the computational capabilities of Al with the clinical
expertise of dental professionals, thereby enhancing diagnostic accuracy, improving treatment
planning, and ultimately increasing the quality of patient care.

In the Republic of Kazakhstan, healthcare digitalization has become one of the strategic

priorities of national health policy. Accordingly, the gradual implementation of Al technologies in
dental practice, the development of national clinical databases, and the creation of domestic digital
healthcare solutions represent important scientific and practical objectives.
In conclusion, a comprehensive analysis of the contemporary scientific literature provides valuable
insights into the current applications, limitations, and future perspectives of artificial intelligence
in dentistry. Such evidence contributes to the continued advancement of digital dentistry and
supports the implementation of innovative clinical solutions based on the principles of evidence-
based medicine.

Research Objective. The objective of this review article is to provide a comprehensive
analysis of the main applications of artificial intelligence (Al) technologies in modern dentistry,
evaluate their diagnostic accuracy and clinical effectiveness, and systematically summarize their
use across different dental specialties based on the available scientific literature. Furthermore, this
review aims to compare the advantages and limitations of Al technologies and to identify current
trends and future prospects in the development of digital dentistry.

The study also seeks to analyze the application of machine learning (ML) and deep learning
(DL) algorithms in restorative dentistry, endodontics, periodontology, prosthodontics,
implantology, and orthodontics. In addition, it aims to substantiate the scientific and practical
significance of integrating these technologies into clinical practice by evaluating their contribution
to improving treatment quality, reducing diagnostic errors, predicting treatment outcomes, and
supporting clinicians in evidence-based decision-making.

Materials and Methods. This study is a systematic literature review aimed at evaluating
the scientific evidence regarding the application of artificial intelligence (Al) technologies in
modern dentistry. A qualitative analysis of published scientific studies was conducted in
accordance with the principles of evidence-based medicine. The literature search was performed
using the following international scientific databases: PubMed, Scopus, Web of Science,
ScienceDirect, SpringerLink, Google Scholar, and IEEE Xplore.

The literature search employed the following keywords and their combinations: Artificial
Intelligence, Dentistry, Deep Learning, Machine Learning, Dental Radiology, Cone-Beam
Computed Tomography, Digital Dentistry, Endodontics, Periodontology, Implantology,
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Orthodontics, CAD/CAM, and Computer Vision. Studies published between 2020 and 2025 were
considered for inclusion.

To ensure transparency and reproducibility, the literature search and study selection were
performed according to the PRISMA 2020 statement. Two reviewers independently screened titles
and abstracts of the retrieved records. Potentially eligible studies underwent full-text assessment.
Disagreements regarding study eligibility were resolved through discussion until consensus was
achieved. The study selection process consisted of four stages: identification, screening, eligibility
assessment, and final inclusion.

The inclusion criteria were as follows:

scientific articles published within the last five years;
systematic reviews;

meta-analyses;

randomized clinical trials;

multicenter studies; and

peer-reviewed articles published in international scientific journals.
The exclusion criteria included:

articles with unavailable full texts;

conference abstracts;

duplicate publications;

studies with insufficient scientific evidence; and
brief reports lacking clinical investigation.

The database search identified 287 records. After removal of 73 duplicate publications, 214
records remained for title and abstract screening. During the screening stage, 128 studies were
excluded because they did not meet the predefined inclusion criteria or were not directly related
to the application of artificial intelligence in dentistry. Full-text assessment was performed for the
remaining 86 articles. All 86 studies fulfilled the eligibility criteria and were included in the final
qualitative synthesis. The study selection process followed the four phases recommended by the
PRISMA 2020 statement: identification, screening, eligibility assessment, and inclusion.

The literature review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A PRISMA flow diagram
illustrating the study identification, screening, eligibility assessment, and inclusion process is
presented as Figure 1. Each included study was evaluated according to the year of publication,
study design, Al algorithm employed, diagnostic task, clinical outcomes, and diagnostic
performance.

The collected evidence was categorized into the following major application areas:
dental caries detection;
diagnosis of periodontal diseases;
diagnosis of endodontic pathologies;
implant treatment planning;
orthodontic analysis;
prosthodontics;
oral and maxillofacial surgery; and
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digital treatment planning systems.

A comparative qualitative analysis was performed to evaluate the clinical performance of
Al algorithms based on commonly reported diagnostic metrics, including sensitivity, specificity,
overall accuracy, and the area under the receiver operating characteristic curve (AUC).

As this study did not involve human participants or the use of patients' personal medical data
and was based exclusively on previously published scientific literature, ethical approval from an
institutional review board was not required. The review was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki.

Al Technologies Most Commonly Used in Dentistry

[ Deep Learning (CNN)
(40%)

Machine Learning
(25%)

Computer Vision
(15%)

Natural Language
Processing (NLP)
(10%)

Other Al Techniques
B q
(10%)

Source: Data extracted from included studies

Results. The literature review demonstrated that artificial intelligence (Al) is being actively
integrated into all major fields of modern dentistry. Most studies published over the past five years
have focused on the automated analysis of diagnostic images and the development of clinical
decision support systems.

The findings indicate that the highest level of Al performance has been achieved in the
interpretation of digital dental imaging. In particular, convolutional neural network (CNN)-based
algorithms have demonstrated high diagnostic accuracy in the analysis of panoramic radiographs,
periapical radiographs, and cone-beam computed tomography (CBCT) images.

Artificial Intelligence in Dental Caries Detection. Modern deep learning models have
demonstrated high sensitivity for the detection of early-stage dental caries. Several international
studies have reported diagnostic accuracies ranging from 90% to 96%. Furthermore, Al algorithms
are capable of identifying subtle areas of enamel demineralization that may remain undetected
during conventional visual examination.

The automated detection of proximal caries and early occlusal lesions using Al has been
shown to reduce clinicians' workload, improve diagnostic efficiency, and decrease the likelihood
of diagnostic errors. These findings suggest that Al-assisted caries detection has considerable
potential to enhance the accuracy and consistency of routine clinical diagnosis.

80

Received: 24.07.2026 / Accepted.: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

Artificial Intelligence in the Diagnosis of Periodontal Diseases. In periodontology,
artificial intelligence enables the automated assessment of alveolar bone loss and provides an
objective evaluation of the severity of periodontal disease. Al-based algorithms can accurately
quantify bone resorption from radiographic images, facilitating more standardized and
reproducible periodontal diagnosis.

Several studies have reported that the measurement error of Al algorithms for alveolar bone
level assessment is less than 1 mm, demonstrating performance comparable to that of experienced
oral and maxillofacial radiologists. These findings highlight the reliability and clinical
applicability of Al-assisted periodontal assessment.

Furthermore, Al facilitates the longitudinal monitoring of treatment outcomes by enabling
consistent evaluation of radiographic changes over time. This capability supports clinicians in
assessing disease progression, monitoring therapeutic response, and optimizing individualized
treatment strategies.

Applications of Artificial Intelligence in Endodontics. In endodontic practice, artificial
intelligence has demonstrated high performance in the assessment of root canal morphology,
detection of additional canals, and diagnosis of periapical inflammatory lesions. Al-based
systems provide automated analysis of cone-beam computed tomography (CBCT) images,
enabling more accurate and efficient evaluation of complex endodontic structures.

Through automated CBCT image interpretation, Al systems are capable of:

determining the number and configuration of root canals;

detecting fractured endodontic instruments;

assessing root perforations; and

evaluating the quality of root canal obturation.

Several studies have reported diagnostic accuracies exceeding 95% for the detection of
periapical lesions using Al-assisted analysis. These findings indicate the potential of artificial
intelligence to improve diagnostic precision and support clinical decision-making in endodontic
treatment.

Artificial Intelligence in Implantology. In implant dentistry, artificial intelligence
technologies provide valuable support during treatment planning by enabling precise analysis of
anatomical structures and optimization of surgical procedures. Al-based systems are capable of:
assessing available bone volume;
calculating bone density;
identifying the location of the mandibular canal;
automatically defining the boundaries of the maxillary sinus; and
recommending optimal implant length and diameter.

The integration of Al into implant planning improves surgical safety, enhances treatment

predictability, and reduces operative time. By providing accurate three-dimensional anatomical

assessments, Al contributes to more individualized and reliable implant placement strategies.
Artificial Intelligence in Orthodontics. In orthodontics, artificial intelligence is applied for:

automatic identification of cephalometric landmarks;

analysis of tooth position and alignment;

simulation of treatment outcomes; and
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prediction of aligner movement.

The implementation of Al significantly reduces analysis time and improves the
reproducibility and reliability of orthodontic measurements. These capabilities enhance treatment
planning efficiency and support more individualized orthodontic approaches.

Artificial Intelligence in Prosthodontics. When integrated with CAD/CAM systems,
artificial intelligence provides advanced capabilities in prosthodontic workflows, including:
processing of digital impressions;
analysis of occlusal relationships; and
automated optimization of the design of crowns, fixed dental prostheses, and veneers.

The use of Al in prosthodontics improves the accuracy of digital restorations and contributes to
higher levels of both functional and aesthetic patient satisfaction.

Table 1 — Applications of Artificial Intelligence in Dentistry Based on Khanagar et al.
(2021)
Dental Specialty Al Application Main Purpose Main Advantage

. . ) ) Detection and diagnosis of Early and automated
Restorative dentistry Dental caries detection

dental caries diagnosis
. Periodontal disease Analysis and diagnosis of Improved diagnostic
Periodontology ) .
assessment periodontal conditions support

Identification and

. . Reduction of diagnostic
Endodontics Root canal analysis assessment of root canal
errors

anatomy

. ) . Automated analysis of o
Orthodontics Cephalometric analysis o Reduced analysis time
cephalometric images

. Treatment planning and Support for prosthetic Improved accuracy and

Prosthodontics ) ] ) o

restoration design treatment planning efficiency
Oral and . o o

. . . . Detection and classification Faster and more objective
maxillofacial Dental image analysis . . . .
. of abnormalities image interpretation

radiology
Oral medicine / i . Identification of Earlier detection and

Oral disease detection ) o o
pathology pathological changes clinical decision support

Source: Compiled by the authors based on Khanagar SB, Al-Ehaideb A, Maganur PC, et al.
Developments, application, and performance of artificial intelligence in dentistry — A systematic
review. Journal of Dental Sciences. 2021;16(1):508-522. DOI: 10.1016/j.jds.2020.06.019.
PubMed / Full Text — Khanagar et al. (2021)

Table 2 — Applications and Diagnostic Capabilities of Artificial Intelligence in Dentistry
Based on Khanagar et al. (2021)

Dental Application

A Al Application Diagnostic / Clinical Purpose Main Benefit
rea
. Detection and diagnosis of
. Al-based caries ) Early and automated
Dental caries ) dental caries from dental )
detection . detection
images
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Periodontal Al-assisted periodontal Identification and assessment of Improved diagnostic
diseases assessment periodontal conditions support

. Al-assisted endodontic Analysis of root canal anatomy Reduction of diagnostic
Endodontics

diagnosis and endodontic conditions errors
) Automated Identification and analysis of Faster analysis and
Orthodontics . . . .
cephalometric analysis cephalometric landmarks treatment planning
Oral cancer and oral ) _ Detection and classification of  Earlier detection and
. Al-based image analysis . . .
diseases pathological changes clinical decision support
. Automated dental Detection and classification of  Faster and more
Dental radiology ) . } " L .
image interpretation  dental abnormalities objective image analysis

. Al-assisted treatment  Support for prosthetic diagnosis Improved efficiency and
Prosthodontics

planning and treatment planning treatment planning
Support for implant-related
) Al-assisted implant . PP i P Improved planning and
Dental implantology ) diagnosis and treatment o o ]
planning . clinical decision-making
planning

Source: Compiled by the authors based exclusively on Khanagar SB, Al-Ehaideb A, Maganur
PC, et al. Developments, application, and performance of artificial intelligence in dentistry — A
systematic review. Journal of Dental Sciences. 2021;16(1):508-522. DOI:
10.1016/j.jds.2020.06.019.

Reference:

Khanagar SB, Al-Ehaideb A, Maganur PC, et al. Developments, application, and performance of
artificial intelligence in dentistry — A systematic review. Journal of Dental Sciences.
2021;16(1):508-522. DOI: 10.1016/j.jds.2020.06.019 PubMed / Full Text — Khanagar et al.
(2021)

Overall, the conducted analysis demonstrates that artificial intelligence is evolving in
dentistry beyond a diagnostic tool and is becoming an intelligent clinical decision-support system.
Continuous improvement of Al algorithms contributes to enhanced clinical performance,
improved treatment planning, and the transition of digital dentistry toward a new stage of
technological development.

Discussion. The results of this literature review demonstrate that artificial intelligence (AI)
is being actively integrated into all major fields of modern dentistry and is becoming an
increasingly important component of clinical practice. In recent years, the rapid development of
machine learning (ML) and deep learning (DL) technologies has significantly improved the
accuracy of dental disease diagnosis, treatment planning, and clinical decision-making processes.

According to the findings of this review, one of the most significant achievements of
artificial intelligence is the improvement of diagnostic accuracy. While conventional diagnosis
largely depends on the clinician’s professional experience, clinical reasoning, and ability to
interpret medical images, Al algorithms are capable of analyzing thousands of images within
seconds and identifying subtle pathological changes that may be difficult for the human eye to
detect. This advantage is particularly important for the early detection of dental caries, periapical
inflammatory lesions, initial bone resorption, and complex root canal anatomy. Several
international studies have demonstrated that convolutional neural networks (CNNs) can achieve
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diagnostic sensitivity and specificity comparable to or even exceeding those of experienced dental
professionals. These findings confirm the potential of Al as an effective clinical decision-support
tool. However, the current scientific consensus considers artificial intelligence not as a
replacement for clinicians, but as an intelligent technology designed to complement and enhance
professional expertise.

The findings of this review are consistent with publications by Schwendicke and colleagues,

Khanagar and co-authors, Hung and other researchers. These studies have demonstrated the high
accuracy of Al applications in radiological diagnosis, their ability to reduce diagnostic errors, and
their potential to improve clinical workflow efficiency. Furthermore, many authors emphasize that
the integration of Al into clinical practice not only increases dentists’ productivity but also
improves the overall quality of patient care. In periodontology, studies have demonstrated the
effectiveness of Al-based systems for automated assessment of alveolar bone levels. Previously,
such measurements depended largely on manual evaluation by clinicians, whereas modern
intelligent algorithms can provide objective and quantitative assessment of periodontal bone loss.
This capability allows more accurate monitoring of disease progression, evaluation of treatment
effectiveness, and prediction of long-term clinical outcomes.
The role of artificial intelligence in endodontics is also of particular importance. Numerous studies
have shown the high efficiency of Al in detecting additional root canals, evaluating periapical
changes, and monitoring the quality of endodontic treatment. Automated analysis of cone-beam
computed tomography (CBCT) images facilitates the diagnosis of complex clinical cases and
improves treatment planning. Consequently, Al-assisted approaches may reduce the need for
retreatment and contribute to improved long-term clinical outcomes.

Significant progress has also been observed in implantology. Modern Al-based software
systems are capable of automatically analyzing bone volume, mineral density, and the location of
critical anatomical structures to determine the optimal implant position. These technologies
enhance surgical safety, reduce operative time, and minimize the risk of complications.
Additionally, the use of Al-supported surgical guides improves implant placement accuracy and
predictability.

In orthodontics, the implementation of artificial intelligence has considerably simplified the
diagnostic process. Automated cephalometric analysis, prediction of tooth movement, and
simulation of aligner treatment effects reduce clinicians” workload and improve the precision of
treatment planning. These advantages are particularly valuable in complex orthodontic cases
where accurate clinical decision-making is essential.

Similarly, in prosthodontics, the integration of Al with digital modeling and CAD/CAM
technologies enables the production of high-quality dental restorations with improved functional
and aesthetic outcomes. Al algorithms can automatically evaluate occlusal relationships,
distribution of masticatory forces, and anatomical characteristics. As a result, the accuracy of
crowns, fixed dental prostheses, and other restorations is improved, while the need for clinical
adjustments is reduced.

Despite these advantages, several challenges continue to limit the widespread
implementation of artificial intelligence in dentistry. One of the major limitations is the
dependence of algorithm performance on the quality and diversity of training datasets. If a neural
network is trained using images obtained from a specific geographic region or a single healthcare
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institution, its diagnostic accuracy may decrease when applied to different populations. Therefore,
the development of large-scale, multicenter international databases remains an important priority.
Another critical issue is the protection and security of medical information. Al systems
require large volumes of medical images and patient-related clinical data for training and
validation. Therefore, ensuring data privacy, cybersecurity, and compliance with international
ethical standards represents one of the fundamental requirements of modern digital healthcare.

Ethical considerations also require careful attention. In cases where an Al system produces
an incorrect diagnosis, the question of responsibility remains insufficiently defined. Current legal
frameworks in many countries do not yet provide clear regulations regarding liability in such
situations. Therefore, international organizations emphasize the need to establish unified legal and
ethical standards for the safe and responsible use of artificial intelligence in healthcare.

In the Republic of Kazakhstan, the digital transformation of healthcare represents one of the
important directions of national health policy. In recent years, digital health platforms, electronic
medical records, and telemedicine systems have been actively implemented. These developments
create favorable conditions for the introduction of Al technologies into dentistry. However, several
barriers remain, including limited availability of national clinical databases, high costs of
specialized software, and differences in digital competencies among healthcare professionals.

In the coming years, the development of artificial intelligence in dentistry will be closely
associated with emerging technologies such as generative artificial intelligence (Generative Al),
large language models (Large Language Models), explainable artificial intelligence (Explainable
Al), federated learning, and digital twin technologies. These innovations have the potential not
only to further improve diagnostic accuracy but also to enable prediction of individualized clinical
scenarios, simulation of treatment outcomes, and development of fully personalized dental care
approaches.

Overall, the findings of this review indicate that artificial intelligence is becoming an
integral component of modern dentistry. Its effectiveness is demonstrated by improved diagnostic
accuracy, accelerated clinical decision-making, and enhanced treatment outcomes. However,
successful large-scale implementation requires further development of international standards,
expansion of clinical research, protection of medical data security, and improvement of digital
competencies among dental professionals.

Conclusion. The conducted literature review demonstrated that artificial intelligence
technologies are being increasingly integrated into clinical practice in modern dentistry and
significantly contribute to improving the efficiency of diagnostic and therapeutic processes.
Machine learning and deep learning algorithms have shown high effectiveness in automated
analysis of dental images, early detection of pathological changes, prediction of treatment
outcomes, and support of clinical decision-making.

The analysis revealed that the highest performance of artificial intelligence has been
observed in the diagnosis of dental caries, periapical pathologies, periodontal diseases, implant
treatment planning, orthodontic assessment, and the design of prosthodontic restorations. In many
clinical applications, the diagnostic accuracy of modern Al algorithms has reached levels
comparable to those achieved by experienced dental professionals.
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Furthermore, artificial intelligence optimizes clinicians’ workflow, reduces diagnostic
errors, enables personalized treatment planning, and improves the overall quality of patient care.
Particularly in the context of digital dentistry development, the integration of Al with cone-beam
computed tomography (CBCT), digital radiography, CAD/CAM technologies, and intraoral
scanning systems is creating new opportunities for advancing clinical practice.

Despite these advantages, the widespread implementation of artificial intelligence
requires addressing several important challenges. These include the development of unified
international standards, ensuring medical data security, improving algorithm reliability across
diverse populations, strengthening legal and ethical regulations, and enhancing digital
competencies among dental professionals.

In the Republic of Kazakhstan, the ongoing digital transformation of the healthcare
system provides favorable conditions for the adoption of artificial intelligence technologies in
dentistry. In the future, the development of national clinical databases, expansion of international
scientific collaboration, and implementation of clinically validated intelligent systems may
significantly improve the quality of dental care.

In conclusion, artificial intelligence should not be considered a replacement for dental
professionals but rather an advanced clinical decision-support tool that enhances diagnostic
accuracy and contributes to the improvement of evidence-based dental care. Further development
of Al technologies will play an important role in establishing patient-centered, safe, and
personalized approaches to dental treatment.
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