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maxillofacial surgery, periodontal disease and dental pulp, aesthetic restoration and
so on. In addition, Al technology has also made great contributions in forensic
dentistry and tele dentistry. The application of a technology can not only improve
the limitations of traditional treatment methods, but also improve the accuracy of
treatment of dental caries, periapical lesions, and other diseases. However, its
clinical promotion is still limited by data imbalance and heterogeneity, privacy and
security, lack of model interpretability and lack of standardized evaluation system.
In the future, it is urgent to build high-quality multicenter data sets, introduce
privacy computing technologies such as federal learning, and improve regulatory
and human-computer collaboration specifications, so as to realize the safe and
controllable application of Al in dentistry, and promote the overall transformation
of oral medicine to prevention oriented, precision diagnosis and intelligent services.
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1. Introduction

Artificial intelligence (Al), as the core driving force leading a new round of scientific and technological
revolution and industrial change, is gradually infiltrating into all branches of health care. Dentistry is an important
part of oral health management, its traditional diagnosis method mainly depends on the experience of doctors and
traditional imaging technology, but the results will be affected by the experience of doctors and other factors,
facing the challenges of strong subjectivity, low efficiency and lack of standardization process. In recent years,
with the rapid development of Al technologies such as deep learning and natural language processing, the dental
field has ushered in unprecedented opportunities for intelligent transformation. At present, Al not only shows
excellent performance in image analysis, disease detection, treatment planning and other aspects, but also plays an
important role in diverse scenarios such as orthodontics, dental aesthetic restoration, periodontal disease
management, and even forensic dentistry and electronic health records.

This review aims to systematically review the research progress and application status of Al technology in
the field of dentistry, analyze its specific practice and effectiveness in different application directions, discuss the
technical bottlenecks, ethical challenges and clinical promotion obstacles faced by the application of Al technology
at the present stage, and look forward to the future reform direction of dental diagnosis and treatment mode under
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the empowerment of Al. Through the comprehensive analysis of the existing literature and clinical cases, a
comprehensive and clear reference framework is provided to promote the scientific, standardized and landing
application of Al in dentistry.

2. Basic Principles and Key Technologies of Artificial Intelligence

Artificial Intelligence, as a cutting-edge technology aimed at simulating, extending, and expanding human
intelligence, can be traced back to the mid-20th century. Turing published a paper titled “Computing “Machinery
and Intelligence” in the journal Mind in 1950, which systematically proposed for the first time whether machines
have the ability to think” and introduced the Turing Test as a standard for measuring machine intelligence [1].
Subsequently, at the 1956 Dartmouth Conference, “artificial intelligence” was officially proposed and began the
development of Al as an independent discipline [2].

From the 1960s to the 1980s, Al research went through a stage of algorithm exploration, parallel development
of expert systems and machine learning (ML) [3]. Especially expert systems have demonstrated strong problem-
solving abilities in specific fields such as industrial control and medical diagnosis, becoming representatives of
early Al practical applications [4]. Since entering the 21st century, thanks to the significant improvement in
computing power, enhanced convenience in data acquisition, and continuous evolution of algorithm systems, Al
has gradually moved from theory to practice. Deep Learning (DL), as a subset of machine learning, has become
the core driving force for the current development of Al [5] (Figure 1).
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Figure 1. Development history of artificial intelligence.

Deep learning achieves feature extraction and modeling of complex unstructured data such as images, speech,
and text by constructing multi-level artificial neural networks (ANN) [6]. Among them, Convolutional Neural
Networks (CNN) have shown particularly outstanding performance in the field of visual recognition and are widely
used in tasks such as medical image diagnosis, lesion detection, and predictive modeling; Recurrent Neural
Networks (RNNs) play an important role in speech recognition and physiological signal analysis due to their
superior performance in processing sequential data [7].

With the rapid development of Al, which is characterized by large model driven, multimodal integration and
cross domain collaboration, its penetration in the field of health care continues to deepen. Especially in
stomatology, Al technology is gradually applied to many key links, such as radiographic analysis, clinical auxiliary
diagnosis, personalized treatment decision-making, prognosis evaluation and disease risk prediction [8]. For
example, the image recognition model based on CNN has been used in caries detection, periodontal tissue analysis,
maxillofacial image evaluation and other tasks, showing higher accuracy and stability than traditional manual
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interpretation. In addition, the interpretability and generalization ability of Al system have also become the current
research focus [9]. In the process of clinical application, how to improve the availability, safety and ethical
compliance of the model by optimizing the network structure, introducing knowledge graphs or integrating
multimodal data is the key to realize the transformation of Al from “technically feasible” to “clinically credible”.

In summary, artificial intelligence, as the core force of the new round of technological revolution and medical
innovation, has evolved from early symbolism and knowledge driven systems to data-driven deep learning
frameworks. In the future, combining clinical demand orientation and interdisciplinary collaboration, artificial
intelligence is expected to continue empowering the development of dentistry in precision medicine, digital
diagnosis and treatment, and intelligent assistance systems.

3. The Main Applications of Al in Various Dental Specialties
3.1. Oral Radiology and Imaging Diagnosis

Oral health is an important component of overall health. Currently, dental diseases such as dental caries,
periodontal disease, pulp and periapical lesions have a high global prevalence, causing not only local pain but also
being associated with systemic diseases. Periapical periodontitis and dental caries are common chronic oral
diseases that affect the majority of adolescents and adults worldwide, and are also common causes of tooth pain
and loss. Dental caries, commonly referred to as tooth decay, is a disease characterized by demineralization of
tooth structure caused by sugar driven plaque bacteria [10]. Early detection of dental caries can prevent the
development of caries from enamel to dentin and then to pulp, leading to loss of vitality in teeth. Periapical
periodontitis is an inflammatory condition affecting the tissues around the root apex, commonly associated with
infection from dental pulp disease. Typical features include periapical granulomas or cysts. Early detection can
improve treatment effectiveness, prevent its spread to other tissues, and reduce potential problems. Therefore, image
detection of diseases is particularly important for diseases such as dental caries and periapical periodontitis [11]. If
dental caries and periapical periodontitis are not detected in a timely manner, these two diseases can not only cause
severe pain and tooth loosening, but also penetrate the periodontal connective tissue, leading to serious
maxillofacial infections [12].

At present, the occurrence and severity of dental diseases are mainly detected through oral radiation and
imaging diagnosis in clinical practice. The main diagnostic tools for detecting dental caries and periapical lesions
are periapical X-ray photography, cone beam computer tomography (CBCT), etc. Among them, periapical X-ray
photography is the most reliable routine examination, and CBCT is the only system that can ensure early and
predictable detection of all periapical lesions in the jawbone. The main way to determine the detection image of
periapical periodontitis is through visual inspection [12]. Due to the high subjectivity of manual programs and the
significant differences in diagnostic accuracy among diagnostic personnel based on their background and skill level,
especially when the visual acuity of the image is limited, it can cause difficulties in early detection and timely
treatment Therefore, rapid and accurate detection and diagnosis are important factors in implementing appropriate
prevention and treatment for patients with dental caries and periapical periodontitis.

Artificial intelligence models, especially CNN based automatic evaluation tools, will help improve the
accuracy and consistency of diagnosis, treatment planning, and treatment outcomes, reduce image interpretation
time, alleviate the workload of dentists, and improve efficiency. For example, the detection of oral diseases on
periapical X-rays is a type of image classification task that can be automated through deep learning [12]. During
the process, a large number of patient datasets are required to train the model, which can improve the accuracy
and precision of recognition. The advantage of artificial intelligence lies in its significantly faster processing and
interpretation speed and scale of data compared to humans, which reduces the subjectivity involved in traditional
diagnostic techniques. Train artificial intelligence models using annotated datasets to classify photos of teeth and
determine the presence of dental caries and periapical lesions. After training, these models can recognize subtle
features on X-rays that may not be immediately noticed by the naked eye, such as changes in tooth structure and
density, which is of great help for early detection and treatment.

At present, there are also many problems with the application of artificial intelligence. Firstly, when
evaluating normal teeth, deep learning is difficult to identify significant features between different diseases,
making it difficult to distinguish between different diseases. Secondly, due to the need to use multiple human
annotations during the research process to independently evaluate diseases on images, radiological assessments
inevitably tend to be subjective. Moreover, the use of artificial intelligence poses great challenges to the privacy
and security of patients, and the protection of personal information is crucial, especially in the management of
sensitive patient data. In addition, there are many important obstacles to integrating artificial intelligence
technology into existing clinical workflows, all of which require investment of time and money. Artificial
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intelligence needs to be combined with population risk, social determinants, healthcare services, and economic
variables to evaluate dental practices. Therefore, the development of highly specialized artificial intelligence
systems should prioritize issues unrelated to frequency environment. High specificity helps reduce overtreatment
and focus attention on the lesions that truly require attention, ensuring more effective use of resources [10].

In summary, Al has gradually integrated into the treatment process of oral diseases in the field of oral
radiation and image detection, assisting doctors in data processing. However, due to issues such as data
generalization, small sample size, clinical integration, and ethical bottlenecks, it is still unable to achieve full
process intelligent healthcare. In the future, with the advancement of Al technology, Al will gradually move from
technological exploration to clinical practice, becoming the core facility of oral precision medicine, reconstructing
the “screening diagnosis treatment health management” chain, and providing a scientific basis for intelligent oral
diagnosis (Table 1).

Table 1. Comparison of different dental AI models.

Year Core Model Application Training Data Validation Data Limitations References
Detection and diagnosis

Inception v3 2400 periapical 600 periapical Lower accuracy on molars

2018 of dental caries on . o . S . .. [13]
(CNN) periapical radiographs radiographic images radiographic images and mixed dentition
VGG-16 (in Teet}} recognition and 700 periapical 300 periapical Ineffective on images with
2018 classification in dental . S : S [14]
Cascade Network) L . radiographic images radiographic images very few teeth
periapical radiographs
. . Low accuracy
2019 MLP (Multilayer Orthodontlc. 182 clinical records 60 clinical records for extraction [15]
Perceptron) treatment planning L.
pattern prediction
Facial attractiveness 13,000 dating site . . .
2019 VGG-16 (CNN) scoring for cleft images with 00 images rated by 39 Unable to identify clefi- -, &,
. . . . human raters specific deformities
lip/palate patients >17 million ratings
Caries lesion detection in .
ResNet-13, Near-Infrared Light NILT images from Split from the 226 Small sample size;
2020 ResNeXt-50 . . 226 extracted . [17]
(CNN) Transillumination posterior testh teeth dataset in vitro study only
(NILT) images
Automatic deciduous
2021 Inception v2 tooth detection and 329 panoramic 92 panoramic Limited to children’s [18]
(in Faster R-CNN) numbering in radiographs radiographs primary teeth; single-center
panoramic radiographs
Detection of stage [Ty 10400 unlabeled 30, i ally labeled . )
DenseNet-161 - o . OPGs and Misses stage [; unstable on
2025 . periodontitis in panoramic .. OPGs and 760 expert- . . [19]
(in HC-Net+) . 481 clinically localized disease
radiographs (OPGs) labeled OPGs labeled OPGs

3.2. Orthodontics and Maxillofacial Surgery

Orthodontics and maxillofacial surgery are two closely related but distinct specialties in the field of oral
medicine, working together to solve problems such as misaligned teeth, abnormal bite relationships, and
developmental deformities of the jawbone (maxilla and mandible). The positioning and numbering system of teeth
and bone structure analysis are indispensable technical foundations in the collaborative treatment of orthodontics
and maxillofacial surgery, especially orthognathic surgery. Together, they form a common language and
quantitative basis for accurate diagnosis, scientific planning, effective communication, and successful
implementation of treatment. The positioning and numbering of teeth refers to assigning specific numbers or codes
to individual teeth, making it easier for doctors to develop more accurate plans for specific teeth [20]. The treatment
plan prediction and operation planning of orthodontic and maxillofacial surgery can significantly improve the
predictability, safety, efficiency and final aesthetic and functional effect of treatment, which is the key guarantee
for the success of modern dental and maxillofacial deformity correction.

Tooth segmentation and numbering play an important role in orthodontics and maxillofacial surgery, which
is helpful to evaluate oral health and accurately diagnose tooth problems. However, these tasks are usually
performed manually, resulting in a large amount of time for doctors [21]. In addition, the diagnosis results are
influenced by factors such as the doctor’s personal emotions and experience, leading to subjectivity and the
possibility of misdiagnosis and missed diagnosis [20]. Research has shown that the accuracy of artificial
intelligence diagnosis is higher than that of inexperienced dentists, and literature suggests that inexperienced
dentists can make faster and more accurate judgments through artificial intelligence models. Therefore, artificial
intelligence can serve as an effective auxiliary tool to assist doctors in diagnosis [22], such as saving
comprehensive clinical records, diagnosing dental abnormalities, designing personalized treatment plans, reducing
the burden on human experts, etc. Tooth numbering can help doctors develop more accurate plans, making the
dental treatment process easier and more personalized for each patient [20]. At present, Al has also been widely
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applied in tooth segmentation and numbering. For example, an automatic tooth detection system for bitewing
images based on Region Convolutional Neural Network (R-CNN) is expected to be used for detecting and numbering
teeth. This method can automatically create dental charts and electronic dental records, thereby saving time.

Artificial intelligence also plays a crucial role in predicting treatment plans and surgical planning for
orthodontic and maxillofacial surgery, such as orthognathic surgery (OGS), which mainly corrects bone and facial
asymmetry, facial contours, and deformities related to the jawbone. The ultimate treatment goal is to improve
function and enhance facial aesthetics [23]. Surgery is complex and irreversible, and can permanently affect
patients, so accurate preoperative prediction is crucial. The diagnosis, treatment plan, and prognosis prediction of
traditional orthognathic surgery rely on preoperative photographs, two-dimensional (2D) cephalometric tests, and
stone model surgery [24], as well as the clinical expertise and experience of the orthodontists and oral and
maxillofacial surgeons involved. However, traditional methods involve sequences of multiple steps and varying
levels of doctor experience, making the results more time-consuming, subjective, and prone to errors. Artificial
intelligence systems can simplify tasks and provide results in a short period of time [25]. For example, artificial
intelligence models based on 3D imaging have shown satisfactory performance indicators for treatment planning
and outcome prediction in jaw correction surgery [24]. However, artificial intelligence still has limitations in
practical applications. Firstly, the data sources are relatively single, requiring additional training of the model on
large datasets from multiple centers and different populations to achieve better reliability and generality [26]. In
addition, artificial intelligence cannot replace the knowledge and meticulous judgment of experienced surgeons,
so in actual processes, artificial intelligence can only serve as an auxiliary tool to help doctors predict surgical and
treatment plans, and cannot achieve full process intelligence.

From tooth numbering to surgical prediction and planning, Al has shown great potential. The application of
Al models can help doctors complete diagnoses more efficiently and accurately. In the future, it will develop
towards higher automation (intelligent planning solutions), surgical enhancement (navigation and robot assistance
to improve accuracy), and remote monitoring, ultimately achieving unprecedented personalized precision
medicine through the integration of bigdata, optimizing efficacy and experience.

3.3. Periodontology and Dental Endodontics

Dental caries and periodontal disease, among other oral diseases, constitute a significant disease burden and
are considered nonlethal causes of disability affecting all age groups worldwide [27]. Periodontal disease is one
of the most common oral diseases, characterized by pathological changes in periodontal tissue, such as damage to
periodontal attachments and loss of alveolar bone. Without treatment, it can also cause tooth loss [28].Among
them, periodontitis is more common. Periodontitis (PD) is a multifactorial, chronic, and complex inflammatory
disease that occurs in the supporting tissues of teeth. It is related to the accumulation of dental plaque and mainly
manifests as the loss of periodontal supporting tissues. If not treated properly, it can lead to irreversible bone
resorption, tooth movement, and tooth loss [29].At the same time, periodontal disease may make individuals
susceptible to various systemic diseases, such as cardiovascular disease, oral cancer, and pneumonia. Therefore,
early diagnosis is crucial for effective treatment and good prognosis in cases of periodontitis. Periodontal bone is
an important component of periodontal tissue, and the detection of periodontal bone loss is a core marker of
periodontitis progression.

Therefore, periodontal bone loss detection plays a crucial role in the early diagnosis and prognosis of
periodontitis [30]; Dental caries is one of the most common infectious chronic diseases and a multifactorial disease.
The formation of dental caries is a dynamic process, as bacteria on the plaque biofilm produce acid, leading to local
damage or demineralization of hard tissues in teeth, ultimately resulting in the formation of dental caries [31].
Untreated dental caries, especially deep cavities, can cause pulpitis, pulp necrosis, and even tooth loss, thus
seriously affecting the quality of life and being the most common factor affecting health [27,32]. Moreover, the
occurrence of dental caries ultimately leads to tooth decay, and diagnosing dental caries also plays an important
role in preventing and diagnosing tooth decay [31].

In the diagnosis of periodontitis, radiological assessment plays a very important role. In addition to clinical
periodontal assessment such as probing bag depth and attachment loss, intraoral X-ray imaging such as periapical
X-ray and panoramic X-ray are also commonly used to determine periodontal conditions [33]. However, traditional
diagnosis of periodontal disease relies on subjective evaluation by doctors. Due to a lack of experienced doctors
and limited radiological interpretation time, there are issues with low consistency and efficiency in image
interpretation. Additionally, there is a possibility of errors in human diagnosis. Therefore, the reporting
requirements for X-rays pose problems in terms of time, cost, and patient care. With the increasing application of
artificial intelligence models in the field of dentistry, artificial intelligence programs can be used to shorten the

https://doi.org/10.53941/rmd.2026.100003 5 of 17



Yang et al. Regen. Med. Dent. 2026, 3(1), 3

diagnostic process and provide more reliable results. For example, deep learning models based on YoLo-v4 and
U-Net algorithms have been used to detect tooth groove bone loss in different tooth areas in panoramic images
and have obtained considerable data. The use of such Al models can help dentists more effectively and easily
detect local periodontal bone loss in panoramic X-ray photography in the future [30]. However, a critical limitation
of many existing Al systems is their reliance on radiographic annotations by clinicians, which are inherently
constrained by subjectivity and inter-examiner variability. To address this, recent studies have shifted towards
using clinical probing data—the gold standard for diagnosis—as the ground truth for training deep learning
models. For instance, a novel hybrid classification network (HC-Net+) developed by Li et al. demonstrated that
by learning directly from clinical definitions, the Al could achieve diagnostic accuracy (AUROC: 94.2%)
surpassing that of periodontal specialists [19]. In addition, it can prevent situations that may be overlooked due to
doctors’ lack of experience, intensity, and fatigue, ensure early diagnosis of diseases, and record patient data more
accurately and regularly in digital environments [33].

In traditional treatment methods, dental caries are mainly detected through tactile examination and X-ray
photography, which are mainly judged based on subjective symptoms such as color, hardness, and transparency
of'the caries to assess an individual’s caries status. However, due to the varying levels of experience and diagnostic
fatigue among dentists, the consistency of diagnosis is poor, and these traditional diagnostic methods have low
sensitivity, specificity, and repeatability, and cannot even determine the activity and progression of caries [34].
There are several advanced diagnostic methods based on radiography, visible light, resistance, etc., but there is
still a problem of low specificity in the testing process, which increases the risk of false positives in the detection
process. Based on this, people have begun to consider introducing artificial intelligence (Al)models for detecting
dental caries. The potential of Al based pattern recognition in large data can lead to early detection of dental caries,
even before visible signs become clear to the naked eye [31]. Therefore, applying artificial intelligence to detect
and classify dental caries can improve the accuracy and sensitivity of teeth, help detect dental caries early, save
clinical doctors’ time, enrich treatment decisions, reduce biological complications, and reduce the need for root
canal treatment [35].

In the future, with the prospect of the future, with multimodal data fusion, enhanced model interpretability
and in-depth integration of clinical workflow, Al is expected to realize the leap from diagnosis to personalized
treatment planning, efficacy prediction and large-scale population oral health management, and ultimately promote
the transformation of dental care to a preventive, accurate and intelligent paradigm.

3.4. Aesthetic Dentistry and Restoration

Aesthetic dentistry and restoration is a comprehensive branch of dentistry, which mainly focuses on
improving the color, shape, arrangement, and overall coordination of teeth, that is, enhancing the appearance and
beauty of teeth; Dental restoration mainly focuses on restoring the physiological functions of teeth such as chewing
and pronunciation, while protecting oral health. Therefore, aesthetic dentistry and restoration are the use of
techniques such as porcelain veneers, veneers, and resin fillings to treat dental diseases and restore chewing
function, making teeth and smiles look more natural and beautiful. In aesthetic dentistry and restoration, the main
steps include collection, construction, fusion and simulation, as well as output and implementation. In the
collection work, detailed information such as tooth color and optical properties can be obtained through tooth color
analysis and influence enhancement. Based on this information, accurate three-dimensional shape data of teeth
can be obtained through dental digital reconstruction, and the final effect can be rendered through realistic
modeling in fusion and simulation, ultimately achieving output and implementation.

In actual treatment, tooth color analysis is a crucial step. The determination of tooth color is affected by
factors such as lighting environment and insufficient visual color. Mismatching color measurements can affect the
overall effect of treatment, ultimately leading to treatment failure. In the traditional tooth color analysis, dentists
mainly rely on their own manual skills and experience knowledge to analyze and judge the tooth color. For
example, in clinical practice, the chromaticity Guide matching system is used to select the chromaticity, but the
chromaticity range provided by the dental chromaticity guide is limited and cannot fully cover the color space of
natural teeth, and the choice of color depends on factors such as shape, size, background color and lighting
conditions [36], resulting in changes in everyone’s perception of each color, making the judgment of the result
with great subjectivity and uncertainty, especially for inexperienced dentists. In addition, the lack of reliable
instructions from dental manufacturers will also bring challenges to tooth color analysis. The development of
artificial intelligence has a far-reaching impact on tooth color analysis. The progress of dental restoration
technology, especially in color reproduction, represents the key intersection between Al technology and traditional
technology [37]. For example, the shadow matching technology developed to improve the performance of color

https://doi.org/10.53941/rmd.2026.100003 6 of 17



Yang et al. Regen. Med. Dent. 2026, 3(1), 3

matching systems, under certain assumptions and constraints, proposes a color based image classification
algorithm to classify and process color images. In clinical practice, it helps to determine and identify tooth color,
reflecting objectivity and quantification rather than misleading subjectivity and qualitative information, and can
solve problems related to human visual subjectivity [36].There is also a dental color matching method based on
the HSV color model, which can combine machine learning and fuzzy decision-making techniques to improve the
accuracy and consistency of color matching in dental restorations.

Dental digital reconstruction is a huge leap forward in dental restoration treatment. The process of dental
digital reconstruction completely changes the traditional dental model that relies on plaster models and handmade
restorations. It is a symbol of the digital age of dentistry. It mainly uses digital means to obtain three-dimensional
data of teeth, and designs and manufactures the entire process of dental restorations and substitutes on computers.
That is, it replaces the traditional manual simulation process with high-tech digital processes, thereby achieving
more accurate, efficient, and comfortable dental restorations. For example, the Transpomer based Al model TM
and the diffusion based Al model DM can determine the feasibility and accuracy of single and multiple tooth
reconstruction based on a limited number of datasets. Both models have shown satisfactory results in the
reconstruction of missing teeth, and the results show that the accuracy of a single true tooth is higher than that of
multiple true teeth, providing a new method for simplifying and improving the accuracy of implant planning [38].

To sum up, aesthetic dentistry and prosthodontics are developing in the direction of precision and intelligence.
From the traditional reliance on doctors’ subjective judgment to the image technology assisted by Al model to achieve
objective and accurate quantitative matching and personalized design, dental treatment has transitioned from the
traditional experience led “craft” era to the data-driven Digital Era. Looking forward to the future, aesthetic dentistry
and prosthodontics will gradually move towards the direction of comprehensive intelligence and high personalization.
Al will no longer be just an auxiliary tool, but become the core driving force of diagnosis and treatment, and realize
the whole process from accurate analysis to intelligent design and even automation.

3.5. Other Applications
3.5.1. Forensic Dentistry

Forensic dentistry (FO), as an important branch of dentistry, primarily identifies individuals by analyzing the
unique anatomical structures of the oral cavity. This discipline is mainly applied in large-scale disaster events,
identifying unidentifiable remains by comparing dental records, or assisting in confirming the identity of human
remains. Traditional body recognition often relies on the visual observation of relatives, friends, or acquaintances,
such as facial features, clothing, or personal belongings, for identification. However, when the body undergoes
significant morphological changes due to decay, burning, or other reasons, the reliability of visual recognition is
greatly reduced. In this case, forensic analysis of objective and scientific dental features becomes an indispensable
means of individual identification [39].

The application of artificial intelligence in forensic dentistry has improved its accuracy and efficiency, mainly
reflected in various aspects such as age judgment, gender determination, and bite mark analysis. Bitemarks are
often regarded as key physical evidence in violent crime cases such as sexual assault and murder, but their
recognition and judgment have long been mainly through manual identification, which has a strong subjectivity
problem and may vary with the experience and professional ability of professionals. In order to solve this problem,
Mahasantipiya and other scholars attempted to use artificial neural networks (ANN) to construct bitemark
recognition models, aiming to improve matching accuracy and reduce human bias. Researchers trained the model
by extracting specific features of bite marks, and preliminary results showed that the network has a certain
matching ability, demonstrating the potential application of artificial intelligence in this field. Although the current
accuracy has not yet met the standards for routine clinical applications, these achievements undoubtedly provide
encouraging directions for future research [40].

3.5.2. Electronic Health Record Management

Electronic health records (EHRs) are mainly used to store and record patients’ health information, such as
identity information, medical history, medication, allergies, and immune status [41,42], aiming to store data with
high precision, achieve real-time monitoring and information sharing of patient information, ensure that patients
receive more timely and accurate personalized treatment, and can receive correct and understandable information
in a timely manner. At the same time, information digitization also has great value in evaluating patients’ potential
problems and long-term changes [42]. However, due to the large and complex nature of medical data, traditional
information management is difficult to meet the needs of practical clinical applications. Therefore, advanced
technology needs to be introduced to solve existing problems and maximize their value [41].The integration of
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artificial intelligence and electronic health records not only improves the accuracy and management efficiency of
medical data, but also demonstrates enormous potential in predictive analysis, managing patient prognosis,
enhancing clinical decision-making, and automating management tasks [42].

Predictive analysis is an important application of artificial intelligence in electronic health record
management. It mainly uses machine learning algorithm to analyze the patient’s historical health data to predict
the patient’s disease progression, admission risk and potential complications. Through these data, medical staff
can implement intervention measures and optimize the treatment plan earlier, so as to improve the quality of
treatment, reduce the risk of patients and reduce the medical expenditure of patients at the same time. For example,
Esteva et al.’s research shows that the deep learning model has great potential in predicting the prognosis of
patients based on historical data, especially in identifying the risk of readmission of patients [41]. in addition, the
clinical decision-making system (CDSS) driven by artificial intelligence can provide real-time data analysis
assistance to medical staff and timely warn potential risks such as drug interactions or abnormal detection results,
so as to optimize the clinical decision-making process. The system not only improves the accuracy of diagnosis,
but also significantly reduces the cognitive pressure of doctors, avoids human errors, and makes more scientific
decisions. another important application of artificial intelligence in electronic health records is mainly reflected in
natural language processing (NLP) technology, which can parse unstructured text, and then significantly improve
the efficiency and accuracy of patient retrieval, so as to play the potential of electronic health records and enhance
their availability. For example, in a study by JHA et al., it was found that the accessibility of medical information
can be improved by analyzing massive clinical data through NLP. NLP can convert text-based treatment notes into
institutional data, provide doctors with a more complete treatment process, and ultimately improve the overall
quality of care [41]. In summary, the combination of artificial intelligence and electronic health record
management is a double-edged sword. It has great potential in improving efficiency, empowering healthcare, and
enhancing patient resolution. However, the successful implementation of AI models still faces challenges in terms
of security and privacy, interoperability, algorithmic bias, and ethical ethics. Only through technological
innovation and multi-party collaboration can Al safely reshape the future of healthcare [42].

3.5.3. Large Language Models in Dental Education and Patient Communication

The application of large-scale language model in dental education and doctor-patient communication the
rapid development of generative artificial intelligence, especially the large-scale language model (LLM), has
brought a paradigm shift beyond traditional image analysis in the field of dentistry. Different from the previous
NLP model focusing on information extraction, LLM uses transformer architecture to understand and generate
human like text, showing great potential in education and doctor-patient interaction.

In dental education, LLM is actively reshaping the learning paradigm from passive information retrieval to
interactive collaboration. A recent study using hybrid methods showed that dental students who completed learning
tasks using chatgpt performed significantly better in knowledge assessment than their peers who used traditional
literature retrieval methods, highlighting the potential of this tool in improving academic performance [43]. In
addition to information integration, LLM can also be used as a virtual tutor to generate various clinical scenarios,
such as periodontal medical records and cases, and provide personalized feedback to help students improve the
diagnosis basis [44].

In terms of patient communication and management, Al is filling the gap between professional terminology
and patient understanding, and fundamentally reshaping doctor-patient interaction [45]. Using NLP technology,
artificial intelligence algorithm can now customize the education content according to the patient’s anxiety and
learning preferences, and convert complex medical terms into easy to understand language, so as to improve the
patient’s understanding of the disease [46]. In addition to automatic triage, the virtual assistant integrated with
artificial intelligence can also provide 24/7 support, including active postoperative monitoring, such as tracking
pain degree and medication compliance.

However, the application of large-scale language models faces many challenges, the most important of which
is the risk of “hallucination”, that is, generating seemingly reasonable but actually inaccurate medical information.
Therefore, although large-scale language models can achieve efficient automated communication, manual
supervision is still essential to ensure the accuracy and security of information (Figure 2).

https://doi.org/10.53941/rmd.2026.100003 8 of 17



Yang et al. Regen. Med. Dent. 2026, 3(1), 3

Aesthetic Dentistry and Restoration Forensic Dentistry

Bite Mark Analysis.

- Chewing o
l‘ .’.-\t i ‘\.l er
A |
— q=F » -
Alignment \ {f Speech .
tfj ——
Harmony ‘ ’ E } Protection
Color Restoration
Electronic Health Records Orthodontics and Maxillofacial Surgery

2 8-
B 2. [=
ES N -

Personalized Plan

Oral Radiology and Impact Diagnosis

£'% [ A
_ _7_7_71\

,--’
5 Al Model Assisted
/ !
A= 2 ¥ 7 ] }
Tl :
\ -{fﬁ Caries >—0 Inexperlenced doctors can achieve the

diagnostic level of experienced doctors

Periapical Periodontitis I [ e

Precision Treatment

Figure 2. Application of artificial intelligence in dentistry.

4. Performance Evaluation and Clinical Validation

With the development of Al its application in the field of dentistry is also increasing, significantly improving
work efficiency in simplifying diagnostic processes and assisting clinical decision-making. Corresponding Al
models have been developed in multiple fields involved in dentistry, such as maxillofacial radiology, caries
detection, and orthodontics. However, there are still many prominent shortcomings of Al in practical applications.
Therefore, before implementing Al, performance evaluation must be conducted to comprehensively understand
the pros and cons, so that it can be widely applied in clinical practice [47].

In the evaluation of artificial intelligence models, a standard can be established to assess the performance of
different models and their effectiveness in practical clinical applications, such as Julian Boldt By establishing a
gold standard based on histology, the performance of artificial intelligence based dental caries detection systems
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was evaluated. This was mainly achieved by establishing an unbiased dataset to evaluate the detection of dental
caries in the biting and maxillofacial regions based on artificial intelligence, and comparing the detection results
with the judgments of human professionals. This provided a standard for evaluating the performance of different
artificial intelligence models, thereby helping dental practitioners choose reliable and efficient diagnostic tools.
The database allows for the comparison of different artificial intelligence models and performance evaluation
before practical clinical applications, improving the reliability of the data and helping to identify and develop more
accurate diagnostic models. However, due to the time-consuming construction of standard datasets based on
histology and the high requirements for equipment and resources, there are still difficulties in achieving the
popularization of standards. Nevertheless, the standardized evaluation scheme for artificial intelligence caries
detection is an important step towards the transparency, reliability, and credibility of future dental diagnosis [48].

In the performance evaluation of the model for detecting dental caries and recognizing the number of teeth
through oral photos based on cascaded CNN, a three-stage classification system is mainly used for evaluation. The
model predictions generated by the validation dataset are compared with the real values, and the compared data
mainly includes sensitivity, specificity, accuracy, and AUC of the real box. By comparing these data, the accuracy
of the model can be judged and performance evaluation can be conducted. At present, the Al model studied by
Kyubaek Yoon et al. Has demonstrated effective detection and recognition capabilities, accurately identifying and
locating different stages of dental caries, and possessing robust tooth recognition capabilities, which helps to
improve automatic analysis and understanding of dental health. Due to the fact that deep learning models are
trained on complete intraoral images, they can be effectively integrated into clinical practice and achieve
comprehensive clinical applications [49]. Another example is the artificial intelligence image analysis system
researched by Viktor Szabo, which can assist the healthcare process during radiological assessment and compare
its results with the true values determined by professional doctors to test its reliability in dental caries diagnosis.
Research has found that the DC model outperforms Schwendicke et al. in multiple performance indicators such as
sensitivity, specificity, and accuracy in diagnosing dental caries using red light transmission images. At the same
time, the values obtained by the DC model are also better than those obtained by human observers in Devito et al.’s
study. However, there are still limitations in the practical use of this model, mainly due to the lack of clinical
evaluation, which can be solved by collecting existing clinical information in the subsequent process. Therefore,
the reliability of the DC artificial model has not yet reached the level where it can be independently used for
diagnosing dental caries. However, as an auxiliary tool, it can significantly help observers make more reliable and
efficient diagnostic results [50].

In summary, the application of artificial intelligence models can significantly improve the detection and
diagnostic efficiency of multiple dental fields such as caries detection and tooth quantity recognition. Multiple
deep learning based models have shown high accuracy and reliability in the performance evaluation stage, even
surpassing the judgment of human experts in sensitivity and specificity. However, currently these models still lack
clinical validation and objective standardized evaluation, and due to low transparency in the detection process,
they are prone to trust issues in practical applications, seriously affecting the independent application of Al models.
In the future, efforts should be made to invest in high-quality annotated datasets, strengthen robustness verification
in real medical scenarios, and establish human-machine collaborative diagnostic standards and approval admission
systems to promote the development of Al dental tools towards safety, reliability, and practicality.

5. Key Elements to Promote the Implementation of AI in Dentistry

The rapid development of artificial intelligence has pushed medical care into a new stage. It has effectively
improved the accuracy of disease diagnosis, and has shown great potential in improving the quality of patient care
and optimizing treatment options. As an important part of medical care, dentistry will also achieve more efficient
diagnosis and service with the integration of artificial intelligence. There are many key factors to promote the
landing of Al in dentistry, among which high-quality, standardized and desensitized dental data is the cornerstone
of the development of Al. The realization of high-quality data and sharing can effectively promote the landing of
Al in dentistry. Secondly, data acquisition and sharing face strict legal and ethical constraints. It must be carried
out under the premise of protecting patient privacy, following data security regulations, and obtaining informed
consent. Only by ensuring the compliance and transparency of data applications can we build doctor-patient trust
and promote the safe and responsible implementation of Al [51] (Figure 3).
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Figure 3. Key elements of Al implementation.

Data quality and sharing is one of the key elements to promote the implementation of Al in dentistry. Clinical
data mainly include radiological images, medical history, treatment results, etc. high quality and structured clinical
data not only provide a solid foundation for model training, but also directly determine its effectiveness and
reliability in actual diagnosis and treatment. In addition, the artificial intelligence model trained by high-quality
data can also recognize complex patterns, correlations and abnormal phenomena that are difficult for humans to
detect. The importance of clinical data is not only reflected in its huge amount of data, but also in its diversity. The
data covering a wider range of pathological types helps to improve the generalization type and robustness of
artificial intelligence models [51]. Data sharing also plays a crucial role, but in the process of promotion, it faces
security issues such as privacy protection. Therefore, while achieving data sharing, it is also necessary to ensure
the protection of personal and public interests. At present, the balance between public interest and personal data
protection is being coordinated and achieved in different ways around the world. The secure and compliant sharing
of dental data can bring enormous benefits in various aspects while strictly protecting privacy. In clinical practice,
the aggregation of a large amount of anonymous data can help improve the accuracy of disease diagnosis and
treatment plans. In addition, it also provides a necessary foundation for training and validating artificial
intelligence tools in scientific research experiments. Therefore, high-quality data and sharing can further promote
the application of artificial intelligence in dentistry [52].

Legal and ethical issues are also one of the key factors affecting the implementation of Al in dentistry.
Although integrating Al into dentistry can bring great benefits, it is also accompanied by multiple challenges,
including data privacy and security risks, artificial intelligence algorithm bias, regulatory compliance and other
issues. First of all, in terms of data privacy, Al training involves highly sensitive patient information. Once leaked,
it may lead to serious consequences. With the expansion of the data set, potential threats will also increase. In
Seerammullankandy’s research, it is proposed that end-to-end encryption and multi factor authentication (MFA)
and other enhanced encryption methods can be used to strengthen the protection of medical data, help identify and
block potential crises, and prevent them from happening. Secondly, Al algorithm bias will also affect the clinical
application of Al in dentistry. Artificial intelligence models trained on biased or incomplete data sets may lead to
unequal treatment recommendations or exacerbate the existing health gap, and ultimately affect the accuracy of
diagnosis, treatment recommendations and prediction results. Therefore, algorithm audit and data sets from
different populations can be carried out to reduce bias and ensure fair service for patients through continuous
monitoring and verification of artificial intelligence models. Finally, the use of Al models must strictly comply
with national data protection regulations, such as the European Union’s general data protection regulation (GDPR)
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and the United States’ health insurance circulation and Liability Act (HIPAA). As Al related data transmission
may involve cross-border data transmission and the processing of sensitive health information, which makes data
compliance complex, in order to strengthen compliance management, automated compliance tools can be
introduced to continuously monitor the data processing process to ensure compliance with a series of regulatory
requirements such as GDPR and HIPAA [42]. Therefore, it is also very important for Al landing dentistry to
properly handle legal and ethical issues.

To sum up, the realization of Al enabled dentistry should be based on high-quality data, guaranteed by legal
and ethical compliance, and supported by technology. Finally, under the premise of protecting privacy, eliminating
prejudice and complying with laws and regulations, we can realize the potential of Al in diagnosis and treatment,
and promote the development of dentistry in the direction of intelligence. In the future, with the maturity of the
data collaboration ecosystem, the improvement of laws and regulations, and the deeper integration of Al and clinic,
dentistry will enter a new stage of human-computer collaborative precision medicine, providing patients with more
efficient, personalized and fair diagnosis and treatment services.

6. Existing Challenges and Development Bottlenecks

The application of artificial intelligence in dentistry provides feasible solutions to various existing problems,
however, Al solutions have not yet been widely applied in dental clinical practice and are affected by various
challenges. Data imbalance and heterogeneity pose the primary challenges. Due to the limited quantity and scale
of high-quality and finely annotated data, as well as uneven sample distribution, factors such as gender, socio-
economic background, and racial bias can lead to poor data collection performance for specific populations,
resulting in a lack of sufficient coverage of demographic characteristics. Ultimately, a model trained on this dataset
has poor generalization ability, which can easily cause algorithm bias and significantly reduce the performance of
the model in these populations, forming a vicious cycle that damages the fairness of diagnosis itself and the
accuracy of treatment planning. In addition, different data formats and labeling standards are not unified, and
clinical text data itself involves highly sensitive information, further increasing the difficulty of data acquisition,
sharing, and compliant use [53].

Secondly, significant limitations in computing power and resources have hindered the development and
application of Al models. Developing high-performance Al modules requires a significant amount of computing
resources to complete model training and parameter optimization. However, this poses a heavy burden for most
dental clinics and research institutions [53], especially for small clinics with limited budgets, where high initial
investment costs become a key financial barrier for their adoption of Al technology [54].

Thirdly, the challenges of multi center and multimodal fusion are significant, and various technologies and
systems (such as digital imaging and diagnosis and treatment management software) are widely used in dental
clinical practice. However, different systems often operate independently and lack unified data standards and
interoperability support. The dispersion of this information makes it difficult to effectively integrate data from
different institutions and collection methods, which in turn makes it difficult to truly utilize the data in practical
development, restricting the development of high-performance artificial intelligence models that comprehensively
utilize multi-source information [54]. Although establishing extensive research cooperation networks and adopting
distributed training methods such as federated learning can promote data sharing to a certain extent, in the actual
process of promotion, multiple challenges in technology implementation and cross machine collaboration still need
to be addressed [53].

Finally, medical ethics, trust between doctors and patients, and barriers to clinical promotion are challenges
that constrain the implementation and application of Al In terms of ethics, it is mainly reflected in patient privacy
and data security, and the processing of data information must strictly comply with data protection regulations
such as HIPAA. Therefore, extremely high standards are proposed for data protection technologies such as
anonymization processing technology and secure storage mechanisms [53]. In terms of trust between doctors and
patients, practitioners hold a reserved attitude towards the use of Al due to their unfamiliarity with technology and
fear of legal responsibility for Al misdiagnosis. Additionally, due to doctors’ lack of understanding of algorithms,
they are unable to clearly introduce them to patients, leading to patients’ skepticism towards doctors’ diagnoses.
Therefore, there are still significant challenges in the actual use of patient trust in traditional Chinese medicine. In
addition, the lack of a clear regulatory framework and effective evidence further increases the difficulty of clinical
promotion [55].

However, the existing challenges are not limited to data privacy, but also include the risk of automated bias
and over diagnosis. People are increasingly worried that clinicians, especially inexperienced doctors, may rely too
much on the output of artificial intelligence and accept algorithm recommendations without sufficient critical
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evaluation. This dependence will lead to “automatic bias”, and may weaken the ability of independent clinical
judgment and critical thinking over time [56,57]. In addition, if the technical limitations inherent in some models,
such as false positive, are not strictly verified, these limitations may inadvertently lead to over diagnosis and
unnecessary treatment [58]. Therefore, it is important to ensure artificial supervision to prevent artificial
intelligence errors from endangering the safety of patients. In summary, the development of Al in dentistry mainly
faces four challenges: data imbalance and heterogeneity, limitations in computing power and resources, difficulties
in multi center and multimodal fusion, and medical ethics. In the future, by adopting new technological paradigms
such as federated learning and generative Al synthesis of data, relying on cloud platforms to lower the threshold
for computing power, and establishing transparent and interpretable Al evaluation systems and standards, it is
expected to gradually overcome these challenges and ultimately promote the fair, efficient, and safe clinical
application of dental Al

7. The Transformation and Future Prospects of Dental Diagnosis and Treatment Models Empowered by Al

Artificial intelligence is changing the dental diagnosis and treatment mode with unprecedented depth and
breadth, and promoting the development of dentistry in a more intelligent, personalized and inclusive direction.
Its impact is mainly reflected in the personalization of the diagnosis and treatment process, the promotion of new
service modes, and the improvement of the accessibility of telemedicine and remote areas.

First, in terms of personalized diagnosis and treatment, the artificial intelligence system can deeply analyze
the patient’s dental history, daily oral hygiene habits and potential risk factors, so as to formulate a highly
personalized treatment plan. These programs cover many aspects, such as diet adjustment, health practice and
lifestyle optimization. Based on the data analysis ability of Al and the comprehensive consideration of its personal
data, Al can generate more targeted and easier to implement personalized suggestions and treatment plans, so as
to improve oral health. For example, when patients have enamel erosion problems, the Al system will recommend
that they reduce the intake of acid food to reduce the risk of tooth damage. This personalized diagnosis and
treatment scheme can closely combine the guidance and suggestions with the actual situation of patients, so as to
significantly improve the success rate of improving oral health [59].

Secondly, Al has demonstrated a particularly prominent role in remote healthcare and improving accessibility
in remote areas. Remote dental platforms have become an indispensable tool for dental healthcare, providing
services such as remote consultation, online diagnosis, and postoperative follow-up, especially for residents living
in remote or rural areas, people with limited mobility, and those who are busy with offline life and work and find
it difficult to arrange offline medical treatment. Patients do not need to physically visit the clinic, and can complete
consultations, preliminary diagnoses, and receive personalized treatment recommendations through the platform.
At present, the integration of artificial intelligence has further advanced the development of telemedicine. More
and more platforms are integrating advanced digital tools to assist online diagnosis and treatment through Al based
auxiliary diagnostic systems. Patients can take pictures of their oral cavity and upload them through the
platform.Al algorithms can assist in identifying early signs of dental caries, periodontal disease, and even oral
cancer, allowing dentists to remotely assess the condition and develop treatment plans. For example, during the
COVID-19 pandemic, there was a surge in demand for remote dentistry. Patients can take oral images and upload
them through a mobile application equipped with Al. The Al algorithm can perform preliminary emergency triage,
such as identifying whether it is a common toothache or a severe abscess, and deciding whether immediate referral
is needed, thereby reducing face-to-face contact and ensuring continuity of dental care for patients. In addition,
users’ daily brushing data can be synchronized to a cloud based Al platform through wearable devices. Dentists
can remotely monitor patients’ compliance and send personalized improvement suggestions to patients in a timely
manner through applications. This model is particularly suitable for long-term oral health management of elderly
people in nursing homes or special needs groups. While breaking geographical limitations, it significantly
improves service accessibility and efficiency [59] (Figure 4).

In the future, Al will completely reshape the dental diagnosis and treatment model, upgrading it from
traditional “experience driven” and “passive treatment” to “data-driven” “active health management”. By deeply
integrating multidimensional data, Al can not only achieve ultra early and accurate disease diagnosis, but also
build predictive treatment plans, providing personalized oral health solutions for each patient throughout their life
cycle. Ultimately, the role of dentists will be liberated from repetitive operations, focusing more on complex
decision-making and humanized care, and collaborating with Al to build an efficient, accurate, and preventive new
ecosystem of intelligent diagnosis and treatment.
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Figure 4. Prospects and outlook of artificial intelligence empowering dentistry.

8. Conclusions

Al in stomatology has shifted from exploration to clinical practice, and has significant advantages in the
fields of oral imaging, orthodontics, Periodontology, oral cosmetology and prosthodontics. Artificial intelligence
solves the limitations of traditional methods, improves the accuracy and efficiency of diagnosis, and promotes
personalized treatment. It can also improve accessibility in remote areas, optimize resource allocation, and
encourage patient participation. However, challenges remain, including data imbalances, ethical issues, and
computational resource constraints. Future research should focus on the construction of high-quality multi center
data sets, the application of privacy computing technology and the development of collaborative artificial
intelligence diagnostic standards. With the maturity of technology and the deepening of clinical integration,
artificial intelligence will become an important part of dental systems, promoting prevention, accurate diagnosis
and human artificial intelligence collaboration. Ultimately, this will lead to a more efficient, affordable,
personalized dental care system.
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