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Abstract: Background: Early diagnosis of dental caries is fundamental for preserving tooth structure and implementing preventive
treatment in pediatric patients. Conventional visual examination remains the most frequently used diagnostic method; however,
recent advances such as artificial intelligence (Al) and intraoral scanners (I0S) have introduced new opportunities for improving
diagnostic accuracy. Comparative clinical evidence regarding these modalities in children remains limited. The present study
evaluated and compared the diagnostic efficacy of Al-based caries detection software, an intraoral scanner, and visual examination
in detecting dental caries among pediatric patients. Materials and Methods: A cross-sectional clinical study was conducted among
54 pediatric patients attending the Department of Pediatric and Preventive Dentistry, Inderprastha Dental College and Hospital.
Caries assessment was performed using three diagnostic modalities: visual examination based on the International Caries Detection
and Assessment System (ICDAS), intraoral scanner assessment, and Al-based caries detection software (CARIO). Diagnostic
findings were recorded and statistically analyzed using SPSS Version 27. Intergroup comparisons were performed using the Chi-
square test, with statistical significance set at p < 0.05. Results: Visual examination detected caries in 51 (94.4%) participants, the
intraoral scanner detected caries in 30 (55.6%), and Al-based software detected caries in 53 (98.1%) participants. A significant
association was observed between visual examination and the intraoral scanner (p = 0.046) and between visual examination and Al
(p < 0.001), whereas the comparison between the intraoral scanner and Al was not statistically significant (p = 0.259). Al
demonstrated the highest sensitivity for caries detection, while the intraoral scanner showed comparatively lower diagnostic
performance. Conclusion: Artificial intelligence—based caries detection software demonstrated superior diagnostic performance
compared with the intraoral scanner and showed excellent agreement with visual examination. Al appears to be a promising
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adjunctive tool for early caries detection in children, while visual examination continues to remain an essential clinical diagnostic
method.
Keywords: Artificial intelligence; caries detection; dental caries; ICDAS; intraoral scanner; pediatric dentistry.

1. Introduction

Dental caries remains one of the most prevalent chronic diseases affecting children worldwide and continues to
represent a major public health concern. The disease results from a dynamic interaction between cariogenic
microorganisms, fermentable dietary carbohydrates, and susceptible tooth surfaces, ultimately leading to progressive
demineralization of enamel and dentin. When left undetected during its initial stages, carious lesions may progress
rapidly, resulting in cavitation, pulpal involvement, pain, infection, and premature tooth loss. Consequently, early
diagnosis plays a pivotal role in preserving tooth structure and facilitating minimally invasive treatment approaches.

[1]

Conventional visual examination remains the cornerstone of clinical caries diagnosis because of its simplicity,
affordability, and ease of application. The International Caries Detection and Assessment System (ICDAS) has further
enhanced visual diagnosis by providing a standardized and evidence-based scoring system capable of identifying the
full spectrum of carious lesions, from initial enamel demineralization to extensive cavitation. Standardized ICDAS
assessment improves diagnostic consistency and facilitates comparison among clinical studies. [2]

Despite these advantages, early non-cavitated lesions located within pits and fissures often remain difficult to
identify through conventional examination alone. Advances in digital dentistry have therefore led to the development
of intraoral scanners capable of producing highly accurate three-dimensional digital images of the dentition. These
systems enable detailed visualization of tooth morphology, facilitate digital documentation, and allow longitudinal
monitoring of enamel surface changes without exposing patients to ionizing radiation. Their non-invasive nature
makes them particularly attractive for use in pediatric dentistry. [3]

Recent developments in artificial intelligence have further transformed diagnostic dentistry. Deep learning
algorithms trained using standardized datasets can identify subtle visual features associated with early carious lesions
that may not be readily detectable during routine clinical examination. Al-assisted systems have demonstrated
considerable potential for improving diagnostic consistency, minimizing examiner variability, and supporting clinical
decision-making. Integration of Al with digital intraoral imaging also provides opportunities for teledentistry, large-
scale screening programs, and preventive oral healthcare delivery. [4]

Although both intraoral scanners and Al-based diagnostic systems have shown promising results in
experimental studies, evidence comparing these technologies with conventional visual examination in pediatric
clinical practice remains limited. Therefore, the present study was undertaken to compare the diagnostic efficacy of
visual examination, an intraoral scanner, and Al-based caries detection software in detecting dental caries among
children and to determine their potential role in improving early diagnosis within routine pediatric dental practice. [5]

2. Materials and Methods
2.1 Study Design

A prospective cross-sectional clinical study was conducted in the Department of Pediatric and Preventive
Dentistry, Inderprastha Dental College and Hospital, Sahibabad, Ghaziabad, Uttar Pradesh, India. The study was
designed to evaluate and compare the diagnostic efficacy of three caries detection modalities: conventional visual
examination using the International Caries Detection and Assessment System (ICDAS), an intraoral scanner (10S),
and an artificial intelligence (Al)-based caries detection software (CARIO). Ethical approval for the study was
obtained from the Institutional Ethical Committee (RC—-IPDC/297), and written informed consent was obtained from
the parents or guardians of all participating children before enrolment.

2.2 Sample Size

The sample size was calculated using G*Power software (Version 3.1.9.6) at a 95% confidence level,
considering a population proportion of 0.56 and a permissible error of 5%. Based on these parameters, the minimum
required sample size was 54 children, which were included in the study.

2.3 Study Population
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Actotal of 54 pediatric patients reporting to the Department of Pediatric and Preventive Dentistry were recruited
according to the predefined eligibility criteria. The study population included children presenting with dental caries
involving primary molars and/or permanent first molars.

2.4 Eligibility Criteria
Inclusion Criteria
Paediatric patients with carious lesions involving primary molars and permanent first molars.
Cooperative children without any systemic illness.
Parents or guardians willing to provide informed consent.
Exclusion Criteria
Children with special health care needs.
Uncooperative children.
Parents or guardians unwilling to participate in the study.
2.5 Study Groups
The participants were equally allocated into three diagnostic groups comprising 18 subjects each:
Group A: Visual examination using ICDAS criteria.
Group B: Caries assessment using an intraoral scanner with ICDAS-based evaluation.

Group C: Atrtificial intelligence—based caries detection using the self-developed CARIO software trained on
ICDAS-labelled intraoral images.

2.6 Clinical Procedure

Each participant underwent caries assessment using all three diagnostic modalities during separate clinical visits
under standardized clinical conditions.

2.6.1 Visual Examination

During the first visit, teeth were cleaned and dried before examination. Visual assessment was performed under
adequate illumination using a mouth mirror and dental explorer according to the International Caries Detection and
Assessment System (ICDAS). The ICDAS score for each tooth surface was recorded immediately after examination.

/

Figure 1: Caries assessment using visual examination.
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2.6.2 Intraoral Scanner Assessment

During the second visit, all eligible teeth were scanned using the Straumann intraoral scanner. High-resolution
three-dimensional digital images were obtained and evaluated using the associated software. Carious lesions were
identified and scored according to ICDAS criteria. The scanner provided a non-invasive and radiation-free method for
evaluating occlusal and smooth surface changes associated with dental caries.

Figure 2: Caries assessment using an intraoral scanner.

2.6.3 Artificial Intelligence-Based Assessment

During the third visit, standardized intraoral photographs were captured using the Nexus Medodent intraoral
camera and uploaded into the self-developed CARIO artificial intelligence software. The Al system had previously
been trained using ICDAS-labelled intraoral images to recognize different stages of dental caries. Following image
processing, the software automatically generated ICDAS-based diagnostic outputs for each participant.
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Figure 3: Intraoral camera images acquired for subsequent Al-based caries detection.

Dental Caries Detection

Upload an image or take a photo of teeth to detect cavities using Al
technology.

Upload from Storage Take Photo

ICDAS-6 (78.7%)

Figure 4: Artificial intelligence software output using ICDAS-based caries classification.
2.7 Data Collection

Diagnostic findings obtained from visual examination, intraoral scanning, and Al-based analysis were
documented immediately in a standardized data recording form. All examinations were performed using identical
diagnostic protocols to minimize operator-related variability and ensure consistency throughout the study.

2.8 Statistical Analysis
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The collected data were entered into Microsoft Excel 2010 and analyzed using IBM SPSS Statistics Version
27.0. Data normality was evaluated using the Kolmogorov—Smirnov test. Descriptive statistics were expressed as
frequencies and percentages. Comparisons among categorical variables were performed using the Chi-square test.
Statistical significance was considered at p < 0.05, with a 95% confidence interval.

3. Results

A total of 54 pediatric patients were included in the present study to compare the diagnostic efficacy of visual
examination, intraoral scanner imaging, and artificial intelligence (Al)-based caries detection software. The findings
obtained from all three diagnostic modalities were statistically analyzed using the Chi-square test at a significance
level of p <0.05.

3.1 Visual Examination

Visual examination based on ICDAS criteria identified dental caries in 51 of the 54 children (94.4%), whereas
only 3 children (5.6%) were classified as caries-free. These findings indicate that visual examination remains a highly
effective clinical method for detecting carious lesions in pediatric patients.

Table 1. Evaluation of visual examination for dental caries detection in children

Variable Frequency Percent
No 3 5.6
Yes 51 94.4
Total 54 100.0

3.2 Intraoral Scanner Assessment

Table 2. Evaluation of the intraoral scanner for dental caries detection in children

Variable Frequency Percent
No 24 444
Yes 30 55.6
Total 54 100.0

Table 2 shows the evaluation of the intraoral scanner for dental caries detection in 54 children. The intraoral
scanner identified 30 children (55.6%) as having caries, whereas 24 children (44.4%) had no detectable caries.

3.3 Artificial Intelligence-Based Assessment

Table 3. Evaluation of artificial intelligence software for dental caries detection in children

Variable Frequency Percent
No 1 1.9
Yes 53 98.1

Total 54 100.0

Table 3 shows the evaluation of the Al-based caries detection software in 54 children. The software identified
53 participants (98.1%) as having caries, while 1 participant (1.9%) was identified as caries-free.

3.4 Comparative Analyses

Table 4. Comparative evaluation of visual examination and intraoral scanner findings for dental caries
detection in children
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Intraoral Visual Examination Chi-square p-value /
Scanner No Yes value significance
No 3 (5.6%) 21 (38.9%)
3.971 0.046, S
Yes 0 (0%) 30 (55.6%)

p < 0.05 indicates statistical significance; Cl = 95%.

Table 4 compares visual examination and intraoral scanner findings among 54 children. Three children (5.6%)
were caries-negative with both methods, while 30 children (55.6%) were caries-positive with both methods. Twenty-
one children (38.9%) were caries-positive on visual examination but caries-negative on intraoral scanning. The
association was statistically significant (x2 = 3.971, p = 0.046).

Table 5. Comparative evaluation of visual examination and artificial intelligence software for dental caries
detection in children

Artificial Visual Examination .
i Chi-square p-value /
Intelligence | ianifi
Software No Yes value significance
No 1 (1.9%) 0 (0%)
17.321 <0.001, HS
Yes 2 (3.7%) 51 (94.4%)

p < 0.05 indicates statistical significance; Cl = 95%; HS = highly significant.

Table 5 compares visual examination and Al software. One child (1.9%) was classified as caries-free by both
methods, and 51 children (94.4%) were classified as caries-positive by both methods. In two cases (3.7%), the Al
software detected caries that was not identified during visual examination. The difference was highly significant (y? =
17.321, p < 0.001).

Table 6. Comparative evaluation of the intraoral scanner and artificial intelligence software for dental caries
detection in children

Artificial Intraoral Scanner .
Intelligence Chi-square p-value /
Software No Yes value significance
No 1 (1.9%) 23 (42.6%)
1.274 0.259, NS
Yes 0 (0%) 30 (55.6%)

p < 0.05 indicates statistical significance; Cl = 95%; NS = not significant.

Table 6 compares the intraoral scanner and Al-based caries detection software in 54 children. The Al software
identified 1 child (1.9%) as caries-free, whereas the intraoral scanner identified 23 children (42.6%) as caries-free. All
30 children (55.6%) identified as caries-positive by the intraoral scanner were also identified as caries-positive by Al.
The association was not statistically significant (y? = 1.274, p = 0.259).

Table 7. Comparison of diagnostic performance for visual examination, intraoral scanner, and artificial
intelligence software in dental caries detection

Modality TP FN ™ Fp Se”i;“"'t Specy'f'c't PPV | NPV
Intraoral scanner 30 21 3 (5.6%) 0 (0%) 55.6% 5.6% 1 0.12
(55.6%) | (38.9%) ' ' ' '
Artificial 51
intelligence (94.4%) 0(0%) | 1(1.9%) | 2(3.7%) 94.4% 1.9% 0.962 1

TP = true positive; FN = false negative; TN = true negative; FP = false positive; PPV = positive predictive
value; NPV = negative predictive value. Values are reproduced from the submitted manuscript.
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Table 7 shows that the diagnostic accuracy of the intraoral scanner and the Al-based software by comparing
both modalities with visual examination, which served as the reference standard. For the intraoral scanner, 30 true
positive cases (55.6%) were correctly identified, while 21 cases (38.9%) were missed and categorized as false
negatives. Only 3 cases (5.6%) were correctly identified as true negatives, and no false positives were recorded. This
resulted in a sensitivity of 55.6%, specificity of 5.6%, a positive predictive value (PPV) of 1, and a negative predictive
value (NPV) of 0.12, indicating that while the scanner reliably confirmed positive cases, it demonstrated limited ability
to detect negative cases and missed a considerable number of lesions. The Al software showed 51 true positives
(94.4%) with no false negatives, demonstrating a high capacity to detect carious lesions. However, the software
recorded 2 false positives (3.7%) and only 1 true negative (1.9%), resulting in a sensitivity of 94.4%, specificity of
1.9%, a PPV of 0.962, and an NPV of 1.

4. Discussion

Early detection of dental caries is essential for preventing lesion progression, preserving tooth structure, and
promoting minimally invasive treatment in children. In the present study, ICDAS was used as the reference standard
for evaluating visual examination, intraoral scanner (10S), and Al-based caries detection software because it provides
a standardized and reliable method for detecting caries at different stages. Similar findings were reported by Ismail et
al. (2007) [2] and Jablonski-Momeni et al. (2014) [48], who demonstrated that ICDAS is a reproducible and reliable
system for caries assessment.

Visual examination detected caries in 94.4% of children, demonstrating high diagnostic efficacy. These findings
are consistent with Ekstrand et al. (2007) [44], Castillo et al. (2012) [45], and Cagetti et al. (2016) [46], who reported
high diagnostic accuracy of ICDAS-based visual examination. However, Ferreira et al. (2019) [47] and Jablonski-
Momeni et al. (2014) [48] reported comparatively lower diagnostic efficacy.

The intraoral scanner detected caries in 55.6% of children, indicating lower diagnostic performance than visual
examination. Similar findings were reported by Mangione et al. (2020) [49] and Bansal et al. (2018) [50], whereas
Neves et al. (2018) [51] and Fakhruddin et al. (2019) [59] observed higher diagnostic accuracy using fluorescence-
assisted or laboratory-based 10S systems.

Al-based software demonstrated the highest diagnostic efficacy, detecting caries in 98.1% of participants.
Comparison between visual examination and 10S showed a significant difference (p = 0.046), consistent with
Mangione et al. (2020) [49] and Bansal et al. (2018) [50]. In contrast, Neves et al. (2018) [51] reported no significant
difference.

Comparison between visual examination and Al showed a highly significant difference (p < 0.001), in
agreement with Xiao et al. (2021) [9], Prados-Privado et al. (2020) [53], and Devlin et al. (2022) [54]. However, Lee
et al. (2020) [10] and Johari et al. (2021) [55] observed no significant difference between Al and visual examination.

Comparison between 10S and Al showed no statistically significant difference (p = 0.259), similar to the
findings of Michou et al. (2021) [57] and Ntovas et al. (2023) [18]. In contrast, Ahmed et al. (2025) [20] and Jones et
al. (2025) [42] reported significantly better performance of Al than 10S.

Diagnostic accuracy analysis demonstrated that the intraoral scanner had low sensitivity (55.6%) and specificity
(5.6%), consistent with Mangione et al. (2020) [49], Bansal et al. (2018) [50], and Algarni et al. (2022) [56].
Conversely, Al demonstrated very high sensitivity (94.4%) but low specificity (1.9%), supporting the findings of Xiao
et al. (2021) [9], Devlin et al. (2022) [54], and Moufti et al. (2023) [57].

Overall, the present study demonstrated that Al-based software achieved the highest diagnostic performance
for detecting dental caries, while visual examination remained a reliable and clinically practical diagnostic method.
The intraoral scanner showed comparatively lower diagnostic accuracy and should be considered an adjunctive rather
than a primary diagnostic tool for caries detection in children.

5. Conclusion

The present study provides important clinical insight into the comparative performance of visual examination,
intraoral scanner imaging, and artificial intelligence (Al)-based software for caries detection in children. The results
demonstrated that digital innovations, particularly Al software, had the potential to enhance early identification of
carious lesions in the children. While visual examination continues to serve as a dependable and clinically practical
method, the intraoral scanner showed notable limitations. The present study highlights the shifting landscape of
pediatric dentistry, where Al software may gradually take a more prominent role in preventive care. The findings
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reinfor

ce the importance of selecting diagnostic methods that offer both accuracy and clinical feasibility, particularly

in children where early detection plays a critical role in preventing further disease progression.

References

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cortes DF, Ellwood RP, Ekstrand KR. An in vitro comparison of a combined fibre-optic transillumination and visual
examination with other caries diagnostic methods for occlusal caries detection. Caries Res. 2003;37(1):31-37.

. Ismail Al, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, Pitts NB. The International Caries Detection and Assessment

System (ICDAS): An integrated system for measuring dental caries. Community Dent Oral Epidemiol. 2007;35(3):170—
178.

. Unlu N, Ermis RB, Sener S, Kucukyilmaz E, Cetin AR. An in vitro comparison of different diagnostic methods for residual

dentinal caries detection. Oper Dent. 2010;35(5):504-511.

. Caceda JH, Jiang S, Calderon V, Villavicencio-Caparo E. Diagnostic accuracy of ICDAS Il and bitewing radiographs for

occlusal caries detection in children using Spectra™ as reference standard. Int J Paediatr Dent. 2023;33(4):389-397.

. Aripin D, Suwargiani AA, Susilawati S, Putri FM, Hamdani AM, Yolanda Y, Suryanti N, Yusof ZY. Prevalence and

characteristics of coronal caries in permanent teeth of children assessed using ICDAS: A cross-sectional study. BMC
Oral Health. 2024;24:112.

. Macey R, Walsh T, Riley P, Glenny AM, Worthington HV, O’Malley L, Clarkson JE, Ricketts D. Visual and visual-tactile

examination for detection of enamel caries: A systematic review. Cochrane Database Syst Rev. 2021;8:CD013882.

.Boye U, Walsh T, Pretty IA, Tickle M. Comparison of photographic and visual assessment of occlusal caries using histology

as the reference standard. Caries Res. 2012;46(4):316-322.

. Estai M, Bunt S, Kanagasingam Y, Kruger E, Tennant M. Diagnostic accuracy of teledentistry in the detection of dental

caries: A systematic review. J Evid Based Dent Pract. 2016;16(3):161-172.

. Xiao J, Luo J, Ly-Mapes O, Wu TT, Dye T, Al Jallad N, Hao P, Ruan J, Bullock S, Fiscella K. Evaluation of a smartphone-

based artificial intelligence application for early childhood caries detection and oral health education. J Am Dent Assoc.
2021;152(11):905-915.

. 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;77:106-111.

Park EY, Cho H, Kang S, Jeong S, Kim EK. Deep learning-based caries detection on intraoral photographic images with
tooth surface segmentation. Comput Biol Med. 2022;141:105165.

Kihnisch J, Meyer O, Hesenius M, Hickel R, Gruhn V. Caries detection on intraoral images using artificial intelligence.
J Dent. 2022;117:103916.

Thanh MT, Van Toan N, Ngoc VT, Tra NT, Giap CN, Nguyen DM. Deep learning-based dental caries detection using
smartphone-acquired intraoral photographs. Diagnostics (Basel). 2022;12(9):2193.

Yoon K, Jeong HM, Kim JW, Park JH, Choi J. Artificial intelligence-based detection of dental caries and tooth numbering
on intraoral photographs. Sci Rep. 2024;14:6781.

Kang S, Shon B, Park EY, Jeong S, Kim EK. Ensemble deep learning for dental caries detection using intraoral camera
images. Med Image Anal. 2024;89:102894.

Michou S, Lambach MS, Ntovas P, Benetti AR, Bakhshandeh A, Rahiotis C, Ekstrand KR, VVannahme C. Automated
caries detection in vivo using a three-dimensional intraoral scanner. Caries Res. 2021;55(5):456-464.

Schlenz MA, Schupp B, Schmidt A, Wéstmann B, Baresel |, Krdmer N, Schulz-Weidner N. New diagnostic tools
integrated into intraoral scanners for caries detection: An in vitro study. Clin Oral Investig. 2022;26(1):523-532.

Ntovas P, Michou S, Benetti AR, Bakhshandeh A, Ekstrand KR, Rahiotis C, Kakaboura A. Validation of occlusal caries
detection on 3D digital models obtained from intraoral scanners. Caries Res. 2023;57(1):24-32.

Jones B, Chen T, Michou S, Kilpatrick N, Burgner DP, Vannahme C, Silva M. Comparison of visual examination and
fluorescence-assisted automated intraoral scanning for occlusal caries detection in primary teeth. Int J Paediatr Dent.
2024;34(1):52-61.

Ahmed WM, Azhari AA, Alnakhli R, Alsulami Y, Merdad Y, Abdelrazek M, Sahlol T. Artificial intelligence-based caries
detection using three-dimensional intraoral scans. J Dent. 2025;142:104801.

Daneris P, Karam SA, Mendes FM, Cenci MS, Demaco FF, Correa MB. Validation of intraoral scanner-derived 3D images
for epidemiological caries diagnosis. Community Dent Oral Epidemiol. 2025;53(2):183-191.

Gakenheimer DC. The efficacy of a computerized caries detection system applied to intraoral digital radiography. J Am
Dent Assoc. 2002;133(7):883-890.

Casalegno F, Newton T, Daher R, Abdelaziz M, Lodi-Rizzini A, Schirmann F, Krejci |, Markram H. Caries detection
with near-infrared transillumination using deep learning. J Dent. 2019;85:53-58.

Park EY, Jeong S, Kang S, Cho JY, Kim EK. Al-assisted quantitative light-induced fluorescence imaging for caries
classification. Caries Res. 2023;57(4):342-350.

233



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

Tashkandi AK, Jiffri SO, Albalawi RM, Albukhari SA, Mugharbil SA, Yeslam HE. Near-infrared irradiation-assisted
intraoral scanner for proximal caries detection in primary teeth: An in vitro study. BMC Oral Health. 2025;25:94.

Cuenin K, Chen J, Tai SK, Lee D, Gerges G, Oh H. Diagnostic performance of near-infrared imaging-equipped intraoral
scanners for interproximal caries detection in children. Pediatr Dent. 2024;46(2):124-131.

Albano D, Galiano V, Basile M, Di Luca F, Gitto S, Messina C, Cagetti MG, Del Fabbro M, Tartaglia GM, Sconfienza
LM. Back-propagation neural network for dental caries diagnosis on radiographs. Dentomaxillofac Radiol.
2020;49(6):20190363.

Bayraktar Y, Ayan E. Deep convolutional neural network-based detection of interproximal caries on bitewing radiographs.
Clin Oral Investig. 2022;26(1):569-577.

Kunt L, Kybic J, Nagyova V, Tichy A. Automatic detection of dental caries on bitewing radiographs using deep learning.
Comput Methods Programs Biomed. 2023;232:107406.

ForouzeshFar P, Safaei AA, Ghaderi F, Hashemikamangar SS. Comparison of CNN architectures for dental caries
detection on bitewing radiographs. Oral Radiol. 2024;40(2):257-266.

Szah6 V, Szabo BT, Orhan K, Veres DS, Manulis D, Ezhov M, Sanders A. Validation of an Al-based application for
dental caries detection on radiographs. Dentomaxillofac Radiol. 2024;53(1):20230341.

Hung M, Yevseyevich D, Khazana M, Schwartz C, Lipsky MS. Atrtificial intelligence for caries detection on panoramic
radiographs: A review. J Dent. 2025;141:104723.

Schwendicke F, Rossi JG, Gostemeyer G, El Hennawy K, Cantu AG, Gaudin R, Chaurasia A, Gehrung S, Krois J. Cost-
effectiveness of artificial intelligence for proximal caries detection. J Dent Res. 2021;100(4):369-376.

Khanagar SB, Alfouzan K, Awawdeh M, Alkadi L, Albalawi F, Al Fadley A. Applications of artificial intelligence in
dental caries detection: A systematic review. J Dent. 2022;124:104241.

Moharrami M, Farmer J, Singhal S, Watson E, Glogauer M, Johnson AE, Schwendicke F, Quinonez C. Artificial
intelligence for dental caries detection on oral photographs: A methodological review. J Dent. 2023;132:104492.

Kumar PR, Tiwari N, Panchbhai A, Chellappa LR, Suresh S, Pandiyan I. Evaluation of an Al-based oral screening system
for detection of dental caries and other oral conditions. J Public Health Dent. 2024;84(1):45-53.

Zhang JW, Fan J, Zhao FB, Ma BE, Shen XQ, Geng YM. Clinical evaluation of artificial intelligence-assisted caries
detection systems. Int Dent J. 2024;74(2):89-97.

Luke AM, Rezallah NN. Accuracy of artificial intelligence systems for dental caries detection: A systematic review and
meta-analysis. J Dent. 2025;143:104835.

Noor Uddin A, Ali SA, Lal A, Adnan N, Ahmed SM, Umer F. Deep learning-based detection of dental caries on intraoral
images: A systematic review. BMC Oral Health. 2025;25:156.

Boldt J, Schuster M, Krastl G, Schmitter M, Pfundt J, Stellzig-Eisenhauer A, Kunz F. Establishing a gold-standard
reference dataset for evaluating Al-based dental caries detection. J Dent Res. 2024;103(6):642—650.

Han D, Gupta A, Adeniyi A, De Souza G, Tam LE, Tikhonova S, Santos J, Jessani A. Caries detection methods used by
dental practitioners: A cross-sectional survey. Community Dent Oral Epidemiol. 2024;52(3):245-253.

Szah6 V, Szabo BT, Orhan K, Veres DS, Ezhov M. Validation of artificial intelligence for dental caries diagnosis on
radiographs. J Dent. 2024;147:105105.

Bayraktar Y, Ayan E. Deep convolutional neural network for detection of interproximal caries on bitewing radiographs.
Clin Oral Investig. 2022;26(1):623-632.

ForouzeshFar P, Safaei AA, Ghaderi F, Hashemikamangar SS. Convolutional neural network-based dental caries
diagnosis from bitewing radiographs. BMC Oral Health. 2024;24:211.

Kang S, Shon B, Park EY, Jeong S, Kim EK. Ensemble deep learning techniques for dental caries detection. PLoS One.
2024;19(9):e0310004.

Talpur S, Azim F, Rashid M, Syed SA, Khan SJ. Machine learning algorithms for dental caries diagnosis: A review. J
Healthc Eng. 2022;2022:1-13.

Bonny T, Al Nassan W, Obaideen K, Mohammad Y, El-Damanhoury HM. Contemporary role of artificial intelligence in
dentistry. F1000Res. 2023;12:1-27.

Thanh MT, Van Toan N, Ngoc VT, Tra NT, Nguyen DM. Deep learning for dental caries detection using smartphone
images. Appl Sci. 2022;12:1-10.

Kunt L, Kybic J, Nagyova V, Tichy A. Automatic dental caries detection in bitewing radiographs using deep learning.
Clin Oral Investig. 2023;27(12):7463-7470.

Yoon K, Jeong HM, Kim JW, Park JH, Choi J. Artificial intelligence—based detection of dental caries and tooth numbering
on intraoral photographs. J Dent. 2024;141:104821.

Bitisik IN, Kiiciikyllmaz E. In vitro comparison of caries detection methods in primary molars. Int Dent J.

2024;74(Suppl):S156.

234





