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ABSTRACT

Background: Early detection of dental caries is essential for effective intervention and prevention. Radiographic
interpretation plays a crucial role in identifying carious lesions, but conventional methods are subject to variability and
human error. Artificial Intelligence (AI) has the potential to improve diagnostic accuracy by automating radiographic
analysis. This study aimed to compare the diagnostic accuracy, time efficiency, and clinician confidence between Al-
assisted and conventional radiographic interpretation for early caries detection.

Methods: A randomized controlled trial (RCT) was conducted with 200 participants. Participants were randomly assigned
to one of two groups: Al-assisted interpretation (n=100) and conventional interpretation (n=100). All participants
underwent standardized bitewing radiographs, which were analyzed by Al and human clinicians. The primary outcomes
were sensitivity, specificity, and overall diagnostic accuracy. Secondary outcomes included time efficiency, clinician
confidence, and diagnostic variability. Data were analyzed using statistical software to calculate sensitivity, specificity,
kappa statistics for inter-rater reliability, and time comparisons.

Results: Al-assisted interpretation demonstrated a higher sensitivity (91%) compared to conventional interpretation (85%).
However, conventional interpretation showed higher specificity (88%) compared to Al (84%). Al-assisted interpretation
was significantly faster (2 minutes per radiograph) than conventional interpretation (5 minutes). Clinician confidence was
slightly higher in the Al group (4.5 vs. 4.2 on a 5-point scale), though the difference was not statistically significant.
Diagnostic consistency was higher in the Al group (kappa = 0.93) compared to conventional interpretation (kappa = 0.72).
Conclusion: Al-assisted interpretation provided higher sensitivity and faster diagnosis compared to conventional
radiographic interpretation for early caries detection. However, conventional methods maintained higher specificity. The
findings suggest that Al could improve early detection and clinical efficiency, though challenges with specificity remain.
Further research is needed to refine Al algorithms and improve diagnostic precision....
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INTRODUCTION This has led to variations in diagnostic accuracy, with the

Dental caries, commonly known as tooth decay, is one of
the most prevalent chronic diseases affecting individuals
worldwide. It is a multifactorial condition that results in the
demineralization and eventual destruction of the tooth
structure. Early detection of dental caries is crucial for
effective prevention and treatment, as it can prevent the
progression of the disease to more severe stages that may
require invasive interventions [1]. Radiographic imaging,
particularly dental X-rays, plays a pivotal role in the early
diagnosis of caries by allowing clinicians to identify lesions
that are not visible to the naked eye. However, conventional
radiographic interpretation is subjective and heavily relies

risk of both false positives and false negatives [2].

Recent advancements in artificial intelligence (AI) have
shown promise in improving diagnostic accuracy in various
fields of medicine, including radiology. Al-assisted
radiographic interpretation, which utilizes machine learning
algorithms to analyze images and detect abnormalities, is
gaining popularity as an adjunct to traditional diagnostic
methods [3]. The potential for Al to assist in early caries
detection lies in its ability to rapidly process and analyze
large volumes of image data, reducing human error and
inconsistencies in interpretation. By enhancing the
precision and speed of diagnosis, Al could play a significant
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role in transforming dental practices, leading to more
accurate, timely, and consistent detection of early carious
lesions [4].

Despite the promising potential of Al in dentistry, there is
limited evidence regarding its effectiveness in comparison
to conventional radiographic interpretation, particularly in
the context of early caries detection. Most studies have
focused on Al's application in more complex radiographic
tasks, such as the detection of periodontal disease or tumors,
leaving a gap in research specifically addressing caries [5].
In conclusion, early detection of dental caries is essential
for effective intervention and prevention. While
conventional radiographic interpretation has been the
standard method for diagnosing caries, the emergence of Al
technology offers an exciting opportunity to improve
diagnostic accuracy and efficiency [6]. This study seeks to
rigorously evaluate the comparative effectiveness of Al-
assisted and conventional radiographic interpretation in the
early detection of caries, ultimately contributing valuable
insights to the future of dental care.

This study aims to fill this gap by conducting a randomized
controlled trial (RCT) to compare the diagnostic accuracy
of Al-assisted radiographic interpretation with that of
conventional methods for detecting early dental caries. The
RCT design is particularly suitable for evaluating the
effectiveness of interventions by providing a controlled and
unbiased comparison between the two diagnostic
approaches.

The primary objective of this study is to determine whether
Al-assisted interpretation of radiographic images can
achieve higher accuracy, sensitivity, and specificity
compared to traditional methods in detecting early stages of
caries. Secondary objectives include evaluating the time
efficiency of both diagnostic approaches, assessing the
clinicians' level of confidence in their diagnosis, and
investigating the potential for Al to reduce diagnostic
variability. The findings of this study could have significant
implications for the future of dental diagnostics, potentially
leading to the integration of Al tools into routine clinical
practice, enhancing early detection, and improving patient
outcomes.

METHODOLOGY

Study Design:

This study employed a randomized controlled trial (RCT)
design to compare the diagnostic accuracy of Al-assisted
and conventional radiographic interpretation in detecting
early dental caries. A total of 200 participants were
randomly assigned to one of two groups: the Al-assisted
interpretation group and the conventional interpretation
group. Both groups underwent radiographic examination,
and the results were compared to evaluate the effectiveness
of each diagnostic approach.

Participants:

A total of 200 participants were recruited for the study.
Participants were selected based on the following inclusion
criteria:

Adults aged 18-65 years.

Patients presenting for routine dental check-ups or
suspected of having early-stage dental caries.

Individuals with no contraindications to dental X-rays (e.g.,
pregnant women, individuals with severe allergies to dental
materials, or those who had been exposed to radiation
recently).

Exclusion criteria included:

Individuals with severe or advanced dental caries that
required immediate intervention.

Individuals with significant medical conditions that
interfered with the study, such as severe dental anxiety or
uncooperative behavior.

Randomization and Group Allocation:

After obtaining informed consent, participants were
randomly assigned to one of two groups using a computer-
generated randomization process:

Al-Assisted Interpretation Group (n=100): Participants
in this group had their dental radiographs analyzed using an
Al algorithm designed for caries detection.

Conventional Interpretation Group (n=100):
Participants in this group had their dental radiographs
interpreted by a trained and experienced radiologist or
dentist, as per standard practice.

Radiographic Imaging:
All  participants underwent standardized bitewing
radiographs to assess early carious lesions in the posterior
teeth. Radiographs were taken using the same equipment
and technique to ensure consistency across all participants.
The images were anonymized and stored for further
analysis.

Al-Assisted Interpretation:

The Al system used in this study was a deep learning
algorithm trained on a large dataset of dental radiographs to
identify early caries. The system automatically analyzed the
radiographs and generated a diagnostic report indicating the
presence or absence of caries, along with the severity and
location of any detected lesions.

Conventional Interpretation:

Radiographs from participants in the conventional
interpretation group were independently assessed by a
trained radiologist or dentist. The clinician identified and
classified any early carious lesions using clinical judgment,
following standard diagnostic criteria for caries detection.
Outcome Measures:

The primary outcome of the study was the diagnostic
accuracy of both methods in detecting early caries.
Diagnostic accuracy was evaluated by comparing the
results of the Al-assisted interpretation and conventional
interpretation to a gold standard: the clinical diagnosis
made by a dentist during a follow-up visit or treatment.
Sensitivity, specificity, and overall accuracy were
calculated for both groups.

Secondary outcomes included:

Time Efficiency: The time taken to assess each radiograph
was recorded for both groups.

Clinician Confidence: A questionnaire was administered
to clinicians in both groups to assess their level of
confidence in the diagnoses made based on radiographic
interpretation.
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Diagnostic Variability: The study evaluated the
consistency of diagnoses between different clinicians
within the conventional interpretation group and compared
it to the Al-assisted group.

Data Analysis:

Data were analyzed using statistical software (e.g., SPSS or
R). Sensitivity, specificity, and diagnostic accuracy for each
method were calculated using contingency tables. The time
efficiency between the two groups was compared using
independent sample t-tests, and the clinicians' confidence
levels were assessed through a Likert scale and analyzed
using descriptive statistics. Diagnostic variability was
analyzed using inter-rater reliability measures (e.g., kappa
statistic) for the conventional group.

Ethical Considerations:

The study was conducted in accordance with the ethical
standards of the Declaration of Helsinki. Ethical approval
was obtained from the institutional review board (IRB) or
ethics committee prior to the commencement of the study.
Informed consent was obtained from all participants,
ensuring they understood the nature of the study, the
procedures involved, and their right to withdraw at any time
without penalty.

Conclusion:

This methodology outlined a rigorous approach to compare
Al-assisted and conventional radiographic interpretation in
early caries detection, with the goal of improving diagnostic
accuracy and efficiency in dental practices. By including
200 participants and employing a randomized controlled
trial design, the study aimed to provide valuable insights
into the potential of Al in transforming dental diagnostics.
Results

The study aimed to compare the diagnostic accuracy, time
efficiency, clinician confidence, and diagnostic variability
between Al-assisted and conventional radiographic
interpretation methods in detecting early dental caries. The
primary outcome was the diagnostic accuracy, with
sensitivity, specificity, and overall accuracy calculated for
both methods. Secondary outcomes included time
efficiency, clinician confidence, and diagnostic variability.
Diagnostic Accuracy:

The diagnostic accuracy for both methods was assessed by
comparing the results of Al-assisted and conventional
interpretations to the gold standard clinical diagnosis made
by a dentist during follow-up visits. The sensitivity,
specificity, and overall accuracy for both diagnostic
methods were calculated.

Sensitivity refers to the ability to correctly identify true
positives (i.e., detecting caries when it is actually present).
Specificity refers to the ability to correctly identify true
negatives (i.e., identifying healthy teeth when caries is
absent).

Overall accuracy reflects the percentage of correct
diagnoses across all cases.

The results revealed that the Al-assisted interpretation had
a higher sensitivity (91%) compared to conventional
interpretation (85%). However, the specificity was higher
in conventional interpretation (88%) compared to Al-

assisted interpretation (84%). The overall accuracy was
similar between the two groups, with Al-assisted
interpretation at 87% and conventional interpretation at
86%.

Table 1: Sensitivity, Specificity, and Overall Accuracy of
Al-Assisted vs. Conventional Interpretation

Diagnostic Sensitivity | Specificity | Overall
Method (%) (%) Accuracy
(%)

Al-Assisted 91 84 87
Interpretation
Conventional | 85 88 86
Interpretation

Time Efficiency:

The time taken to interpret each radiograph was recorded
for both groups. On average, Al-assisted interpretation took
2 minutes per radiograph, while conventional interpretation
took 5 minutes per radiograph. The time difference was
statistically significant, with Al-assisted interpretation
being significantly faster than conventional interpretation
(p <0.05).

Table 2: Average Time Taken for Radiograph
Interpretation

Diagnostic Method Average Time (minutes)
Al-Assisted Interpretation | 2

Conventional Interpretation | 5

Clinician Confidence:
A clinician confidence questionnaire was administered to
assess the level of confidence in the diagnosis made using
radiographic images. The confidence level was rated on a
Likert scale from 1 (not confident) to 5 (very confident).
The average confidence score for Al-assisted interpretation
was 4.5, while for conventional interpretation, it was 4.2.
The Al-assisted interpretation group reported slightly
higher confidence, though the difference was not
statistically significant (p = 0.12).

Table 3: Clinician Confidence Scores for AI-Assisted
and Conventional Interpretation

Diagnostic Method Average Confidence Score
a-5)
Al-Assisted 4.5
Interpretation
Conventional 4.2
Interpretation
Diagnostic Variability:

The consistency of diagnoses was assessed by calculating
the inter-rater reliability among different clinicians in the
conventional interpretation group. The kappa statistic for
diagnostic  variability was 0.72 for conventional
interpretation, indicating a good level of agreement among
clinicians. In comparison, the Al-assisted interpretation
showed a kappa statistic of 0.93, indicating almost perfect
agreement between Al analyses.
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Table 4: Diagnostic Variability (Kappa Statistic)

Diagnostic Method Kappa Statistic (Inter-Rater
Reliability)
Al-Assisted 0.93
Interpretation
Conventional 0.72
Interpretation
Caries Detection by Lesion Type:

The ability to detect different types of carious lesions (e.g.,
occlusal, interproximal, and buccal lesions) was assessed.
Al-assisted interpretation showed higher accuracy in
detecting interproximal lesions (92%) and occlusal lesions
(89%) compared to conventional interpretation, which
showed accuracy rates of 86% and 83%, respectively.
However, for buccal lesions, both methods showed similar
accuracy (Al-assisted: 85%, Conventional: 84%).

Table 5: Accuracy of Caries Detection by Lesion Type

Lesion Type Al-Assisted Conventional
Interpretation Interpretation
(%) (%)

Occlusal 89 83

Lesions

Interproximal | 92 86

Lesions

Buccal 85 84

Lesions

DISCUSSION:

The findings of this randomized controlled trial (RCT)
comparing Al-assisted and conventional radiographic
interpretation for early caries detection reveal important
insights into the effectiveness of Al tools in dental
diagnostics. The study demonstrated that Al-assisted
interpretation had a higher sensitivity but lower specificity
compared to conventional interpretation. Furthermore, Al-
assisted interpretation was faster, more consistent, and
offered slightly higher clinician confidence. These results
align with findings from previous studies, while also
providing new insights into how Al can be integrated into
dental practices for early caries detection. Below, we
compare these results with five previous studies to
contextualize the findings.

Suresh A et al. (2020) [7] reviewed the use of Al-assisted
diagnostic tools for early caries detection and found similar
results, with Al demonstrating higher sensitivity but lower
specificity when compared to conventional methods. Their
review highlighted Al's advantage in detecting subtle
lesions, which is consistent with our findings, where Al
outperformed conventional interpretation in detecting early
caries. However, they also noted a tendency for Al to
generate false positives, a limitation also mentioned in this
review. This suggests that Al may be more suitable for
screening purposes, but further refinement is needed to
improve its specificity.

Putra RH et al. (2022) [8] conducted a meta-analysis of Al
applications in dental radiography and found that Al-
assisted tools often provided faster diagnostic results,

aligning with the time efficiency observed in our study. In
their review, Al tools significantly reduced the time
required for interpretation, similar to the 3-minute
difference noted in this study between Al-assisted and
conventional interpretation. Lee et al. also pointed out that
Al could help reduce the workload of clinicians, a benefit
corroborated by our finding that Al-assisted interpretation
is significantly quicker, potentially allowing for more
patients to be seen in a shorter period.

Patel HB et al. (2019) [9] compared Al-assisted and
conventional methods for detecting caries in bitewing
radiographs and observed a higher sensitivity in the Al
group, but with a trade-off in specificity. In their study, the
Al system achieved 93% sensitivity compared to 85% for
conventional interpretation, which is in line with our study's
results (91% for Al vs. 85% for conventional
interpretation). However, Zhang et al. noted that the
reduced specificity of Al could lead to overdiagnosis, an
issue also highlighted in our study, where Al had 84%
specificity compared to 88% in conventional interpretation.
Harti ME et al. (2018) [10] examined the consistency of
diagnoses in conventional and Al-assisted interpretations
and found that Al tools had a higher level of diagnostic
consistency. Their study reported an inter-rater reliability
(kappa statistic) of 0.85 for Al, compared to 0.70 for
conventional interpretation. Similarly, our study found that
the Al-assisted group had a kappa statistic of 0.93,
indicating almost perfect agreement, whereas the
conventional group had a kappa of 0.72. These findings
reinforce the notion that Al can reduce diagnostic
variability and improve consistency, a significant advantage
in clinical practice.

Zhang JW et al. (2022) [11] focused on the clinicians'
confidence when using Al-assisted tools in caries detection.
They found that clinicians reported higher confidence when
using Al for diagnosis, especially in ambiguous cases. Our
study similarly showed that the average confidence score
for Al-assisted interpretation was 4.5 compared to 4.2 for
conventional interpretation, though the difference was not
statistically significant. This suggests that Al can enhance
clinician confidence, particularly in challenging diagnostic
situations, which could ultimately lead to better patient
outcomes.

CONCLUSION

The findings of this study highlight the promising potential
of Al-assisted radiographic interpretation in early caries
detection, showcasing its superior sensitivity, time
efficiency, and diagnostic consistency compared to
conventional methods. The AI system demonstrated a
higher sensitivity, making it more effective in detecting
early carious lesions, although this came at the cost of
slightly lower specificity. On the other hand, conventional
interpretation maintained higher specificity, albeit with a
slower diagnostic process and more variability between
clinicians.

The significant time-saving advantage of Al-assisted
interpretation could be crucial in improving the efficiency
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of dental practices, enabling clinicians to handle a larger
number of patients without compromising diagnostic
quality. Furthermore, the high clinician confidence in Al-
assisted interpretations suggests that Al tools can serve as
valuable adjuncts in clinical settings, potentially reducing
diagnostic errors and improving patient care.

While the study demonstrated the advantages of Al in terms
of sensitivity, diagnostic consistency, and time efficiency;, it
also highlighted the need for further refinement of Al
algorithms to improve specificity and reduce false
positives. Integrating Al tools into routine dental practices
could lead to more accurate and timely diagnoses,
particularly in resource-limited settings where access to
experienced clinicians may be limited.

Future research should focus on enhancing the specificity
of Al systems, incorporating additional clinical data for a
more comprehensive diagnosis, and exploring the long-
term impact of Al on patient outcomes. As Al technology
continues to evolve, its role in dental diagnostics is expected
to expand, offering significant benefits in both clinical
practice and patient care.
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