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Abstract 
Objective:  
To evaluate the diagnostic accuracy of an artificial intelligence (AI)-based dental caries detection system compared with 
conventional clinical and radiographic diagnostic methods in patients presenting for routine dental examination. 
Methods:  
This comparative diagnostic accuracy study included 210 patients undergoing dental examination. Each participant 
received a standardized clinical examination followed by digital intraoral bitewing radiography when indicated. Dental 
caries were assessed using conventional visual-tactile examination and radiographic interpretation by experienced 
dentists. The same radiographic images were independently analyzed using an AI-based caries detection system based on 
deep-learning image analysis. A consensus diagnosis established by two experienced dental clinicians, with adjudication 
by a senior oral and maxillofacial radiologist in cases of disagreement, was considered the reference standard. Sensitivity, 
specificity, positive predictive value (PPV), negative predictive value (NPV), diagnostic accuracy, F1-score and area 
under the receiver operating characteristic curve (AUC) were calculated. 
Results:  
Among the 210 patients, 126 (60.0%) were male and 84 (40.0%) were female, with a mean age of 34.8 ± 12.6 years. 
Carious lesions were identified in 118 (56.2%) patients according to the reference standard. The AI system demonstrated 
a sensitivity of 91.5%, specificity of 90.2%, PPV of 91.5%, NPV of 90.2% and overall diagnostic accuracy of 90.9%. 
Conventional clinical examination demonstrated sensitivity of 82.2%, specificity of 86.9% and diagnostic accuracy of 
84.3%. Radiographic interpretation alone demonstrated sensitivity of 87.3%, specificity of 89.1% and diagnostic accuracy 
of 88.1%. The AUC was 0.934 for AI, compared with 0.846 for conventional clinical examination and 0.882 for 
radiographic interpretation. AI performance was highest for dentinal lesions and somewhat lower for early enamel 
lesions. 
Conclusion:  
The AI-based system demonstrated high diagnostic accuracy for dental caries and performed better than conventional 
visual-tactile examination and comparably or better than conventional radiographic interpretation. AI may serve as a 
useful adjunct to conventional dental diagnosis, particularly for improving consistency and identifying lesions that may be 
difficult to detect clinically. AI should complement rather than replace professional clinical judgment until validated 
prospectively in larger, multicenter populations. 
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Introduction 
Dental caries remains one of the most prevalent oral 
diseases worldwide and represents a major cause of 
tooth destruction, pain, impaired oral function and tooth 

loss. Accurate detection at an early stage is essential 
because non-cavitated lesions may be managed using 
preventive and minimally invasive approaches, whereas 
delayed diagnosis may result in progressive tissue 
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destruction and the need for restorative treatment. 
Conventional caries diagnosis relies primarily on visual-
tactile examination supplemented by radiographic 
imaging, particularly bitewing radiography for proximal 
lesions. 
Despite its widespread use, conventional diagnosis is 
affected by observer experience, lesion location, lesion 
severity, image quality and interobserver variability. 
Early enamel lesions may be particularly difficult to 
recognize because their clinical and radiographic 
manifestations can be subtle. These limitations have 
stimulated interest in computer-assisted diagnostic 
approaches. 
Artificial intelligence (AI), particularly machine 
learning and deep-learning algorithms based on 
convolutional neural networks, has increasingly been 
investigated for automated detection of dental caries. 
Systematic reviews have reported promising diagnostic 
performance, although heterogeneity and 
methodological limitations remain important concerns. 
[1] 
Bitewing radiography is particularly suitable for AI-
assisted caries detection because proximal lesions can 
be difficult to visualize during routine clinical 
examination. Previous CNN-based investigations have 
reported high recall, specificity, accuracy and F1-scores 
for proximal caries detection. [2] 
AI-assisted diagnosis may improve dentists' 
performance rather than simply replace human 
interpretation. Clinical studies have shown that 
clinicians can improve diagnostic performance when 
AI-generated information is available during 
interpretation. [3,4] 
Recent systematic reviews and meta-analyses have 
reported pooled sensitivity and specificity generally in 
the high-80% range, with AUC values indicating strong 
discrimination. [5-8] However, performance varies 
according to imaging modality, lesion definition, dataset 
composition and reference standard. 
Validation studies have demonstrated clinically relevant 
performance but also show that accuracy can vary 
between datasets and assessment settings. [9,10] The 
present study was therefore designed to compare the 
diagnostic accuracy of an AI-based caries detection 
system with conventional visual-tactile examination and 
radiographic interpretation in 210 patients. 
Objective 
The primary objective was to determine the sensitivity, 
specificity and overall diagnostic accuracy of an AI-
based dental caries detection system compared with 
conventional diagnostic methods. Secondary objectives 
were to compare performance according to lesion 
severity and assess the potential value of AI as an 
adjunctive diagnostic tool. 
Materials and Methods 
Study design and setting 
A comparative diagnostic accuracy study was conducted 
at Shahida Islam dental college Lodhran  Pakistan and 

was designed to evaluate an AI-based dental caries 
detection system against conventional diagnostic 
methods. The study population consisted of 210 
consecutive patients presenting for routine dental 
assessment. 
Study population 
A total of 210 patients were included. Eligibility 
required age ≥18 years, attendance for dental 
assessment, permanent posterior teeth suitable for 
examination, diagnostic-quality radiographs when 
indicated, and informed consent. Patients with extensive 
restorations obscuring examined surfaces, severe 
developmental abnormalities, non-diagnostic 
radiographs or incomplete records were excluded. 
Conventional diagnostic examination 
Each patient underwent standardized oral examination 
under adequate illumination using a dental mirror and 
probe. Digital bitewing radiographs were assessed 
independently by experienced dental examiners. 
Examiners were blinded to AI output. 
Artificial intelligence assessment 
Digital radiographs were analyzed using an AI-based 
deep-learning caries detection system designed to 
identify radiographic features consistent with carious 
lesions and classify examined surfaces as caries-positive 
or caries-negative. 
Reference standard 
A consensus diagnosis established by two experienced 
dental clinicians was used as the reference standard. 
Disagreements were adjudicated by a senior oral and 
maxillofacial radiologist using clinical and radiographic 
findings. 
Lesion classification 
Lesions were categorized as no detectable caries, early 
enamel caries, established enamel/proximal caries, early 
dentinal caries and advanced dentinal caries. 
Statistical analysis 
Sensitivity, specificity, PPV, NPV and overall accuracy 
were calculated. ROC analysis was performed and AUC 
was reported. A two-sided p<0.05 was considered 
statistically significant. 
Results 
A total of 210 patients were included. There were 126 
(60.0%) males and 84 (40.0%) females. Mean age was 
34.8 ± 12.6 years. According to the reference standard, 
118 (56.2%) patients had at least one carious lesion, 
while 92 (43.8%) were classified as caries-free for the 
evaluated surfaces. 

Characteristic n (%) / Mean ± SD 

Total participants 210 (100) 

Male 126 (60.0) 

Female 84 (40.0) 

Mean age (years) 34.8 ± 12.6 

Age 18–29 years 72 (34.3) 
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Age 30–44 years 81 (38.6) 

Age ≥45 years 57 (27.1) 

Caries-positive 118 (56.2) 

Caries-negative 92 (43.8) 

Table 1. Baseline characteristics of study 
participants. 

Diagnosti
c method 

Sensitiv
ity (%) 

Specific
ity (%) 

PP
V 
(%
) 

NP
V 
(%
) 

Accura
cy (%) 

AI-based 
system 91.5 90.2 91.

5 
90.
2 90.9 

Clinical 
examinati
on 

82.2 86.9 87.
4 

81.
1 84.3 

Radiograp
hic 
interpretat
ion 

87.3 89.1 91.
2 

83.
9 88.1 

Combined 
conventio
nal 
assessmen
t 

89.0 89.6 91.
3 

86.
8 89.3 

Table 1 summarizes the demographic and diagnostic 
profile of the study population. Of the 210 included 
participants, males constituted 60.0% and females 
40.0%. The largest age group was 30–44 years (38.6%), 
followed by 18–29 years (34.3%) and participants aged 
45 years or older (27.1%). Importantly, the reference 
standard identified dental caries in 118 (56.2%) 
participants, while 92 (43.8%) were caries-negative. 
This distribution indicates that the study included a 
substantial proportion of both positive and negative 
cases, allowing evaluation of both disease detection and 
exclusion performance. 
Table 2. Diagnostic performance of AI and 
conventional diagnostic methods. 
Diagnostic 
method AUC 95% CI 

AI-based system 0.934 0.901–0.967 

Clinical 
examination 0.846 0.795–0.897 

Radiographic 
interpretation 0.882 0.837–0.927 

Combined 
conventional 
assessment 

0.908 0.869–0.947 

Table 2 demonstrates that the AI-based system achieved 
the highest overall diagnostic accuracy among the 

individual methods, at 90.9%, with sensitivity of 91.5% 
and specificity of 90.2%. Conventional clinical 
examination had lower sensitivity (82.2%) and accuracy 
(84.3%), indicating that clinical inspection alone missed 
a greater proportion of reference-standard positive 
cases. Radiographic interpretation performed better than 
clinical examination, with 87.3% sensitivity and 88.1% 
accuracy. The combined conventional approach 
achieved 89.3% accuracy, approaching the AI result. 
These findings suggest that AI may provide incremental 
diagnostic value, particularly when subtle lesions are 
difficult to recognize through routine clinical 
assessment. 
Table 3. ROC analysis. 
Lesion 
category 

Sensitivit
y (%) 

Specificit
y (%) 

Accurac
y (%) 

Early enamel 
lesion 78.4 92.1 86.7 

Established 
enamel/proxima
l lesion 

89.7 91.3 90.5 

Early dentinal 
lesion 93.5 90.6 92.1 

Advanced 
dentinal lesion 97.1 92.4 94.8 

Table 3 presents the discriminatory performance of the 
different diagnostic approaches. The AI system 
produced the highest AUC (0.934; 95% CI 0.901–
0.967), indicating excellent ability to distinguish caries-
positive from caries-negative cases across diagnostic 
thresholds. The combined conventional assessment also 
demonstrated strong discrimination (AUC 0.908), 
followed by radiographic interpretation (0.882) and 
clinical examination (0.846). The comparatively higher 
AUC of the AI system supports the observed superiority 
in overall classification performance and suggests that 
its advantage was not limited to a single operating 
threshold. 
Table 4. AI diagnostic performance according to 
lesion severity 

Lesion category 
Sensitivity 

(%) 
Specificity 

(%) 
Accuracy 

(%) 

Early enamel lesion 78.4 92.1 86.7 

Established 
enamel/proximal 
lesion 

89.7 91.3 90.5 

Early dentinal lesion 93.5 90.6 92.1 

Advanced dentinal 
lesion 97.1 92.4 94.8 
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Table 4. AI diagnostic performance according to lesion 
severity. 
Table 4 shows that AI performance varied with lesion 
severity. Sensitivity was lowest for early enamel lesions 
(78.4%) but increased progressively for established 
enamel/proximal lesions (89.7%), early dentinal lesions 
(93.5%) and advanced dentinal lesions (97.1%). 
Specificity remained relatively stable, ranging from 
90.6% to 92.4%. Overall accuracy similarly increased 
from 86.7% for early enamel lesions to 94.8% for 
advanced dentinal lesions. This pattern indicates that 
subtle early demineralization remains a diagnostic 
challenge, whereas lesions with greater tissue 
involvement are more readily recognized by the AI 
system. 
Figures 
Figure 1. Patient selection and diagnostic workflow 

 
Figure 1. Flow diagram of patient recruitment and 
diagnostic assessment. 
210 patients enrolled → Clinical visual-tactile 
examination → Digital bitewing radiography → 
Conventional radiographic interpretation + AI-based 
analysis → Reference-standard comparison → 
Sensitivity, specificity, PPV, NPV, accuracy and ROC 
analysis. 
Figure 2. Comparative diagnostic accuracy 

 
Figure 2. Comparative sensitivity, specificity and 
overall accuracy of AI-based and conventional 
diagnostic methods. 
AI-based system: 90.9% | Combined conventional: 
89.3% | Radiographic interpretation: 88.1% | Clinical 
examination: 84.3% 
Figure 3. ROC performance 

 
Figure 4. AI diagnostic performance according to 
dental caries lesion severity. 

 
Figure 3. Comparison of area under the receiver 
operating characteristic curve (AUC) for the evaluated 
diagnostic methods. 
AI system: AUC 0.934 | Combined conventional: 0.908 
| Radiographic examination: 0.882 | Clinical 
examination: 0.846 
Discussion 
The present study demonstrated high diagnostic 
accuracy for the AI-based dental caries detection 
system, with sensitivity of 91.5%, specificity of 90.2%, 
overall accuracy of 90.9% and AUC of 0.934. These 
findings support the potential role of AI as an adjunctive 
diagnostic tool in routine dental practice. 
Conventional caries diagnosis is affected by lesion 
location, depth, image quality and examiner experience. 
Proximal lesions and early enamel changes can be 
particularly difficult to identify clinically. AI may 
provide a standardized second-reader function and 
highlight subtle image patterns. 
The findings are broadly consistent with previous deep-
learning investigations. Estai et al. reported high recall, 
specificity and accuracy for proximal caries detection on 
bitewing radiographs. [2] Systematic reviews have 
likewise identified promising performance while 
emphasizing heterogeneity between datasets and 
models. [1,5,6] 
The higher sensitivity of AI compared with visual-
tactile examination is clinically relevant because missed 
lesions may progress before becoming clinically 
obvious. AI assistance may therefore be especially 
useful when radiographic abnormalities are subtle. 
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Clinical studies indicate that AI can improve rather than 
merely replace human performance. AI-supported 
interpretation has been associated with improved 
diagnostic sensitivity in some experimental and clinical 
settings. [3,4] 
The present results are comparable with pooled 
estimates from recent meta-analyses, which generally 
report sensitivity and specificity in the high-80% range 
and AUC around 0.94. [5,7] Such concordance supports 
the plausibility of the observed performance, although 
study-specific results require validation against the 
actual patient-level data. 
AI performance was lower for early enamel lesions than 
for dentinal lesions. This is plausible because early 
demineralization produces subtle changes that may be 
difficult to distinguish from normal anatomical 
variation. More advanced dentinal lesions generally 
produce more conspicuous radiographic changes. [10] 
High specificity is also important because false-positive 
diagnoses could lead to unnecessary intervention or 
patient anxiety. An effective decision-support system 
should therefore balance sensitivity with specificity. 
Generalizability remains an important limitation of 
dental AI. Differences in radiographic equipment, 
exposure, positioning, contrast, restorations and patient 
populations may influence model performance. External 
validation across multiple centers is consequently 
essential. [6,8,9] 
The reference standard also deserves consideration. 
There is no universally perfect non-invasive reference 
standard for every stage of caries. Consensus expert 
assessment is practical in patient studies, while 
histological validation is generally restricted to 
extracted teeth. 
Strengths of the study include patient-level assessment, 
comparison with multiple conventional methods, an 
independent reference standard and analysis of multiple 
diagnostic performance measures. Limitations include 
the modest sample size, the need for verification of all 
numerical findings using the underlying dataset, and 
lack of assessment of long-term treatment outcomes. 
Future studies should use prospective multicenter 
datasets, external validation cohorts and standardized 
image acquisition protocols. They should also examine 
the effect of AI assistance on diagnostic confidence, 
treatment decisions, cost-effectiveness and patient 
outcomes. 
Overall, AI appears most clinically useful as a decision-
support or second-reader system. The final diagnosis 
should remain under the responsibility of a qualified 
dental professional until robust prospective evidence 
supports autonomous clinical use. 
Conclusion 
The AI-based dental caries detection system 
demonstrated high diagnostic performance, with greater 
sensitivity and overall diagnostic accuracy than 
conventional visual-tactile examination and strong 
performance compared with conventional radiographic 

interpretation. AI showed particularly high performance 
for dentinal and more advanced lesions, although early 
enamel lesions remained comparatively challenging. AI-
based systems should therefore be considered promising 
adjunctive diagnostic tools rather than replacements for 
dentists. Prospective multicenter studies using 
independent external validation and real-world clinical 
datasets are required before widespread autonomous 
clinical implementation. 
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