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1. ABSTRACT

Background: Strengthening health security requires effective strategies for identifying and managing public health
risks. As one of the most prevalent oral diseases globally, dental caries represents a significant burden on healthcare
systems and serves as a key indicator of community health. The early detection of initial lesions is particularly
critical to prevent disease progression and reduce treatment costs. However, conventional diagnostic methods,
which rely on visual examination and radiography, are often limited by their subjectivity and time-consuming
nature reducing their effectiveness for large-scale screening in public healthcare settings. This challenge highlights
the need for intelligent risk detection systems. Artificial intelligence (Al) offers a transformative solution with the
potential to shift disease diagnostics from a reactive to a proactive model thereby enhancing population-wide health
security. Methods: This review highlights how artificial intelligence is transforming the diagnostic process, using
dentistry as a powerful example of its broader potential in public health. However, the study also identifies
challenges and limitations, such as restricted sample sizes and variability in Al model architectures. Therefore, the
findings suggest that further research is needed to validate and scale the application of Al in clinical settings. By
enhancing diagnostic accuracy and efficiency, intelligent systems can serve as a vital component in strengthening
health security and improving public health outcomes. Results: All included studies demonstrate that artificial
intelligence models, particularly deep neural networks, achieve higher accuracy in diagnosing dental diseases from
radiographic images. This finding is especially critical for the identification of proximal carious lesions, which are
often missed during routine examinations. The results signify a major advancement in early disease detection
capabilities, which is a cornerstone of effective health security systems. Conclusions: This review highlights how
artificial intelligence is transforming the diagnostic process in dentistry. However, the study also reveals the
problems and pitfalls of Al utilization, such as restricted sample sizes and potential differences in the architecture of
Al models. Therefore, the findings suggest that more studies are needed to advance the application of Al in clinical
settings, as it appears to enhance diagnostic accuracy and effectiveness.
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1. INTRODUCTION Early identification and management of dental caries

Dental caries is a prevalent and persistent disease that
significantly impacts both individual health and
healthcare systems. Dental caries affects approximately
three billion people in the world, which results in high
financial costs and place a strain on healthcare. Dental
caries can lead to physical discomfort and distress,
negatively impacting sleep, diet, social well-being, and
self-esteem. These consequences, in turn, significantly
impact overall quality of life.

preserve tooth structure and minimizing the need for
recurrent and invasive interventions. Conventional caries
diagnosis techniques depend on visual inspection and
radiography, which are subjective and susceptible to
human errors. This conventional diagnostic approach
often fails to identify early lesions on surfaces that are
difficult to assess, such as proximal surfaces.
Traditionally, bitewing radiographs are used to enhance
the sensitivity of caries detection, especially in
identifying cavities between teeth.
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The phrase "artificial intelligence" was first introduced in
the 1950s to refer to the concept of creating computers
that can performing tasks similar to those carried out by
humans. Basis of the data that is input, these machines
are able to solve problems. In medicine and dentistry, the
advent of artificial intelligence has opened new horizons
to improved diagnostic imaging, optimization of
workflows, costs reduction, mitigation of manpower
shortages, and fulfillment of goals set out by the World
Health Organization for its Sustainable Development
Goals. Al applications are not a common sight in the
dental field. However, advancement of these
technologies has brought a positives changes in area such
as robotic help, dental image diagnostic aid, caries
identification, radiographic and pathological analysis as
well as computerized record Kkeeping. Assessing
proximal enamel caries is challenging and typically
based on the clinician's knowledge that is derived from
education and practice. Computer-aided image analysis
systems that include the (Al) technology has been used
in this case.

In recent years, several studies applied deep learning
algorithms together with convolutional neural networks
(CNNs), for detection of caries on dental X-ray images.
Additionally, some studies have use the same deep
learning (CNNSs) to detect caries in images that obtained
through near-infrared light transillumination research.

Previous studies have documented several findings that
demonstrate the ability of Al algorithms to be utilized
with a significant degree of efficiency in the diagnosis
and assessment of dental caries. Although, early models
of computer analytic system for caries diagnosis which is
known as the Logicon caries Detector was not useful in
identifying carious lesions in the 1990s. Recent pilot
study has shown that the newly developed Al
application, AssistDent, improved on the performance of
third-year dental students by a significant margin in the
diagnosis of proximal enamel-only caries in bitewings.
In addition, a study carried out by Lee et al. and
published in 2021 explored the application of artificial
intelligence in the detection of first dental caries lesions
using dental images. To summarize, the study showed
promising results, especially for the early interventions.
These results illustrate an increasing interest regarding
the utilization of Al technology to enhance the
identification and evaluation of caries.

This systematic review aims to give a broad-based
analysis and discuss the state of current research into the
use of machine intelligence algorithms in detecting
proximal caries from dental images. The study conducts
a thorough examination, evaluation, and synthesis of
current research studies to assess the effectiveness,
accuracy, and reliability of algorithms driven by Al in
diagnosing proximal caries, as compared to traditional
methods. The article aims to provide a literature review
on the current and future applications of Al technology

proximal caries in dentistry. In contrast to previous
studies, this systematic review offers a detailed
discussion on the developments in the application of Al
for proximal caries diagnosis in the past decade, as well
as an assessment of their strengths and shortcomings.
While prior studies tend to emphasize only one set of
diagnostic tools, our paper strictly compares Al-based
methods with other diagnostic tools and demonstrates
enhanced diagnostic performance. In addition, we
coordinate ourselves with several areas of the existing
literature that lack adequate information on how Al can
be applied in clinical practice, thus creating a sound and
comprehensive framework to evaluate its effectiveness
when conducive to promoting reasonable approaches to
dentistry and its integrated advancement.

2. MATERIALS AND METHODS

This systematic review was conducted in accordance
with the guidelines established by the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Acquisition of clearance from an
institutional review board was unnecessary due to the
nature of the study.

2.1. APICO investigation question focuses

For the purpose of screening the qualified studies, the

PICO question was defined as follows: "What is the

current evidence on the effectiveness of artificial

intelligence in radiographic image analysis for the
detection of proximal dental caries?"

e Population: patients receiving dental radiographic
imaging for proximal caries;

e Intervention: radiographic image analysis assisted
by artificial intelligence;

e Comparison: The artificial intelligence approaches
versus radiographic image processing for proximal
caries;

e Outcomes: Accuracy of proximal caries detection,
reliability, and diagnostic efficiency.

2.2. Search strategy

We searched for all of the articles that have been
published in the past ten years that relate to artificial
intelligence and dental proximal caries detection. These
publications were found in PubMed, the Cochrane
Library, Web of Science, and Google Scholar. The
investigation included grey literature including
conference proceedings and industry reports and
organizational publications about dental Al technologies.
According to the search technique, all of the publications
that were pertinent to the investigation were found.

2.3. Criteria for eligibility

The following criteria must be met by studies in order for

them to be considered for inclusion in the systematic

review:

1. Research articles that investigate the application of
intelligence in the process of interpreting dental
radiographic pictures;

in improving the accuracy of detecting and diagnosing 2. Clinical trials, observational studies, and
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comparative analyses that are related to this topic;

3. Articles written in the English language. The
decision to include only English-language articles
was made primarily to manage the scope of the
review and ensure the feasibility of thorough data
extraction and synthesis within the available
timeframe and resources;

4. Recent research that have been carried out within the
past ten years. The next criteria were used to exclude
studies from consideration:

1. Atrticles that are not written in English;

2. Studies that are not specifically
radiographic imaging; and

3. Studies that have been published for more than ten
years.

relevant to

2.4. Study selection

The titles and abstracts of the relevant papers were
reviewed by two reviewers, namely AG and RA, in order
to decide whether or not they were eligible for
consideration. Following that, the complete texts of all
publications that had the potential to fulfill the
requirements were retrieved and subjected to a
comprehensive evaluation in order to ascertain which
studies satisfied all of the criteria that were set for
inclusion. Any disagreements found were resolved by
discussion with a third reviewer (EA) and a final list of
articles to be included in this review was compiled.

2.5. Data extraction

For the synthesis presented in Table 1, we extracted data
from each of the selected papers using the following
variables: authors, year of publication, country where the
study was conducted, journal or conference where the
article was published, study design (e.g., RCT, cohort,
cross-sectional), sample size, age range of participants,
study setting (e.g., clinical, academic), algorithm
architecture, imaging modality (e.g., panoramic
radiographs, bitewing radiographs), statistical tests
applied, specific intervention or technique evaluated,
comparison group or method used, primary outcomes
measured, key findings, and the authors' conclusions or
suggestions for future research. The complete extraction
process results in comprehensive data collection from
each study which advances the quality level and
enhances the reliability of our systematic review. We
systematically arrange these variables to create detailed
knowledge of all included studies which enhances the
understanding of research activities within this field.

2.6. Risk of bias (quality) assessment

All included reports underwent a systematic review using
the critical appraisal skills program checklist, which
evaluated the quality of each one. Regarding application
and time, the tool is simple to use and has a satisfactory
level of wvalidity. The three authors independently
evaluated the study's quality. Any discrepancies between
the two reviewing authors were discussed in order to
resolve them, and the third author was brought in to
resolve disputes when necessary.

2.7. Analysis of the data

A meta-analysis was not possible since the data
extraction revealed high heterogeneity among the studies.
Rather than that, the data was organized into a table, and
a descriptive summary was developed in order to
communicate the characteristics of the research as well
as the findings.

3. RESULT

The systematic review synthesized findings from studies
focusing on the application of artificial intelligence (Al)
in dental diagnosis. Studies investigated various Al
models, including deep neural networks (DNNSs) such as
Faster R-CNN, DCDNet, and U-Net, across different
dental imaging modalities to improve diagnostic
accuracy and efficiency. The review included RCTs and
retrospective  studies. The interventions were Al
algorithms for the detection of proximal carious lesions,
tooth-related diseases, and enamel-only proximal caries,
compared with traditional diagnostic methods or human
expertise.

Most of the reviewed studies comparing the diagnostic
performance of Al models against traditional methods or
human experts showed the better overall performance of
the Al models. Faster R-CNN outperformed others in
proximal carious lesion detection for accuracy,
sensitivity, specificity, PPV, and F1-score compared to
dental postgraduate students. Equally, the DCDNet
architecture was much better than all other models, with
the best mean F1 score in segmenting dental caries.
AssistDent Al software significantly increased the
sensitivity of the dental expert in detecting enamel-only
proximal caries, though it reduced specificity. No
statistically significant difference in positive agreement
was seen between the test and control groups regarding
the detection of dental caries using artificial intelligence
(Al) software by dental care students. The clinical
application of FPCL provided more precise results for
diagnosing dental caries through 6,000 panoramic dental
X-ray images yet Ensemble U-Nets proved best at
identifying advanced caries from bitewing radiographs.
The detection model PaXNet provided 86.05% accurate
outcomes and U-Net3+ delivered 95% precise results for
both panoramic X-ray image evaluation and dental cavity
detection. The diagnostic accuracy rate achieved by
Denti. Ai software reached 82% for the detection of
interproximal  caries lesions. Al-based software
developed by Maneesha Das et al (2024) recorded 88%
sensitivity together with 91% specificity for dental caries
detection. Finally, YOLOvVS significantly improved
accuracy in detecting proximal caries compared to
human annotators.

Based on the analysis of the findings, a consistent pattern
toward improved results of diagnostic systems that are
integrated with artificial intelligence compared to
traditional models was identified. Some limitations
discovered from the studies included enrolled
participants' small sample size, study design bias, and
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variations in the Al model architecture, and the training
dataset. Furthermore, some issues associated with the
generalizability and practical applicability of the
developed Al systems in dental practice were
recognized.

The conclusions reinforce the possibilities of utilizing Al
in the field of dental diagnosis and propound the
opportunities for the enhancement of correct patient
treatment. Nevertheless, more studies are needed to
tackle the methodological issues and to provide a proper
cross-validation of Al models to make them practical and
integrated into the clinical practice. In other words, the
systematic review focuses on the fact that the findings
are highly consistent with the conclusion that the
approach is indeed superior.

4. DISCUSSION

It has been ascertained that the use of Al when applied to
dental diagnosis resulted in positive results in other
studies. Erasing conventional detection from the
diagnostic process and bringing in artificial intelligence
models like Faster R-CNN and Fast R-CNN vyields an
enhanced level of accuracy at diagnosing such diseases.
For instance, when using Faster R-CNN model, the
sensitivity and specificity obtained in detecting proximal
carious lesions were significantly higher than those
obtained from dental students who have used them with
little experience. As described by Burak Dayi et al.
(2023) the Dental Caries Detection Network (DCDNet)
using panoramic  radiographs  achieved higher
performance than different models in the segmentation of
caries for F1-score. This is a clear indication that with
the advancement in Al technology, an broad range of
dental diseases can be diagnosed using artificial
intelligence. The detection capabilities in real time that
were presented in the study conducted by Changgyun
Kim et al. (2022) reveal that it is feasible to include
artificial intelligence in clinical practices as a tool that
would help diagnose patients instantly. The proposed
algorithm of this research separately yielded more than
90% efficiency for identifying five different diseases
associated with the teeth. The literature reviews that have
been conducted in the past have suggested that artificial
intelligence has the ability to enhance the diagnosis of
images and, as such, the present review is in concurrence
with the previous reviews. As for the second major
category of techniques, our review is more targeted to the
employment of Al in dental radiographs, where it was
found that higher performance is achieved using models
that include the Faster R-CNN and DCDNet.

However, our focus on specific studies that can be
deemed as reliable indicates several strengths of Al
application in dental diagnostics, such as Al for detecting
caries progress and for diagnosing diseases on panoramic
radiographs in real time. This is even though numerous
medical fields have proven that Al provided positive
results with solving numerous problems.

Based on the results of Al models, it can be claimed that
the use of Al models in decision-making processes and
dental care in particular will have a positive impact on
the increase in the effectiveness of diagnosis and
treatment. Thus, if Al tools are integrated into routine
dental practice, this could enhance the early detection of
dental diseases. This means that dentists would not have
to perform many invasive procedures, as they would be
treating diseases at their early stages. The AssistDent
system is an artificial intelligence technology that has
been shown to enhance dentists' ability to diagnose
enamel-only proximal caries.

Consequently, Al has the potential to aid in preventative
dentistry within general practice environments. At the
same time, to prevent their overuse, it is essential to have
the balance where the sensitivity is higher while the risk
of false-positive results is low. Bingzhi Chen et al.
(2024) demonstrated performance development and
validation of a new algorithm FPCL through its
application to 6,000 panoramic dental X-ray images. The
proposed algorithm showed better performance at
detecting dental caries than other baseline methods with
substantial average precision (AP) scores reaching 23.
The research by Amr Ahmed Azhari et al. (2023)
demonstrated that ensemble U-Nets delivered top
accuracy rates in advanced caries detection from
bitewing  radiographs  while  demanding  future
investigations to focus on early-stage caries screening
and class imbalance management. Researchers from
Arman Haghanifar et al. (2020) developed PaXNet
resulting in an 86.05% accuracy rate to detect caries in
panoramic X-ray images. The investigators reported the
necessity for a better model dedicated to diagnosing mild
caries. Shuaa S. Alharbi et al. (2023) determined U-
Net3+ as the best U-Net architecture because it achieved
95% accurate cavity detection. Future work should
analyze bigger datasets through advanced algorithms to
tackle the problems associated with image quality and
annotation according to the researchers. The diagnostic
accuracy of Denti. Ai software reached 82% when
detecting interproximal caries lesions according to Angel
Garcia-Cafiasa et al. (2022). The authors pointed out
strength and functional limits which included the
identification of severity grades as well as image artifact
management thus supporting Al technology as a tool for
assisting healthcare providers. The study by Maneesha
Das et al. (2024) proved that Al-based software
surpassed human dental interpretations of caries
diagnosis with sensitivity at 88% and specificity at 91%.
The data demonstrates that Al technologies have strong
potential to function as diagnostic assistants in dental
practices. The research by Javier Pérez de Frutos et al.
(2024) showed that YOLOV5 vyielded better detection
accuracy for proximal caries than human professionals.
Deep learning models show great potential for improving
dental diagnostics because of their outcomes expressed
in.

One of the advantages of our scholarly review is the
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coverage of numerous artificial intelligence models and
the use of artificial intelligence models in dentistry.
However, there are some limitations, like variations in
study design, sample size and type, and the Al
algorithms used in studies. For instance, in the research
carried out by Burak Dayi et al. (2023) and F.
Schwendicke et al. (2020), the authors noted that there
was a dearth of data balance, and there was a limited
amount of datasets. This is because diseases with a
smaller sample size can affect the performance of Al
models, which highlights the significance of having large
and balanced datasets. Moreover, while the sensitiveness
of the Al models has improved, the specificity is
normally reduced, thus, leading to higher levels of false
positives. The research by Lars Schropp and colleagues
in 2023 shows that the integration of Al tools into
everyday practice remains problematic. In the study done
by Agrawal P et al. (2022), it was found that there was
no considerable difference in positive agreement
between the students who used Al and those who did not
use it prescribing the need to fine-tune Al tools and
ensure that they are seamlessly integrated into clinical
practice.

A more rigorous focus should be placed on enhancing
the models' sensitivity and specificity of artificial
intelligence models. This should be achieved through the
use of a larger assortment of datasets, data augmentation,
and some form of training such as transfer learning. As
for the future research, it was suggested that prospective
randomized studies should be performed to establish
these results in the clinical practice investigating the
consequences of using Al in treatment choices, patients'
outcomes, and health care.

5. CONCLUSION

This study highlighted Al as a potential method that
could enhance the precision of dental caries diagnosis.
While the available evidence generally supports the
effectiveness of these models in carrying out this task,
further research is required to determine their therapeutic
usefulness and address any existing shortcomings.
Additional progress and incorporation could establish Al
as a transformative force in dentistry diagnostics and
enhance patient care. These challenges would require
additional improvement and investigation, focusing
particularly on issues such as imbalanced data, false
positive results, and the incorporation of clinical aspects.
To fully harness the advantages of Al in dentistry, it is
crucial to focus on refining Al models, validating their
cost-effectiveness in real-world scenarios, and integrating
Al training into dental education.
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