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Abstract 

The advent of artificial intelligence (AI) is a groundbreaking technology in the field of dentistry and it is 

promising new opportunities to improve the precision of diagnosis and decision-making. A field that is of 

considerable clinical concern is pulp vitality assessment which is a foundation of endodontic diagnosis 

and treatment planning. The classical diagnostic techniques, such as thermal pulp, electric pulp, and laser 

Doppler flowmetry, and the more modern ones, such as laser Doppler flowmetry, are usually associated 

with issues of subjectivity, variability of patients, and limited accuracy. The new solution offered by AI-

based methods is based on the use of machine learning and deep learning algorithms to process various 

clinical and imaging data, thus, allowing objective and reproducible assessment of pulp status. Combining 

multimodal data (radiograph and thermography, patient history) will enable AI to be more diagnostic and 

aid clinicians with real time data. Moreover, the technologies promise improvements in the diagnostic 

errors, treatment outcomes, and the way to predictive and preventive endodontics. Despite these benefits 

there are still challenges in the areas of data availability, algorithm transparency, and clinical integration. 

Before widespread adoption, ethical issues, especially those to do with data privacy and possible bias, 

need to be addressed. However, AI is a potentially useful paradigm shift in the area of pulp vitality 

testing, and it could significantly enhance the quality of diagnostic decisions in the field of endodontics. 

Keywords: Artificial intelligence, pulp vitality, diagnostic decision-making, endodontics, machine 

learning, dental diagnostics 

I. Introduction 

Pulp vitality is an important aspect of endodontic diagnosis and subsequent treatment planning, to which 

accurate estimation is necessary. Dental pulp is vital in keeping teeth alive, by its neurovascular provision 

and it is important to establish its health so as to make a decision on whether it will be preserved, 

intervened or extracted. Older pulp vitality assessment techniques like thermal and electric pulp tests are 

still popular, although they are constrained by their indirect measures of pulp health, variability of 

response in patients, and imprecision in immature teeth, trauma, and calcifications.  
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Further sophisticated modalities such as laser Doppler flowmetry, pulse oximetry, and magnetic 

resonance imaging have since been introduced to overcome such limitations, but are limited by high cost, 

technical complexity, and low accessibility. 

The new technology, artificial intelligence (AI), has already become a disruptive factor in various fields 

of healthcare, and its uses can include the interpretation of diagnostic imaging or predictive analytics and 

treatment plans. AI in dentistry has shown promise in caries, periodontal disease, orthodontic and 

radiographic analysis. Its use as a measure of pulp vitality is a new, promising method to deal with the 

current issues in diagnostics. The products of machine learning and deep learning algorithms can provide 

AI systems with the capacity to study intricate data such as radiographs, clinical records, and 

physiological signals, at a level of precision and objectivity that beats the conventional systems. 

There are several potential benefits of the AI application in pulp vitality assessment, such as a higher 

accuracy of diagnostics, reproducibility, and real-time support of clinicians in their decision-making. 

Additionally, the AI-led diagnostic platforms have the potential to reduce subjectivity, misdiagnosis, and 

add to more efficient and personal treatment planning. Even with these opportunities, there are still issues 

of data standardization, transparency of algorithms, and clinical implementation. Ethical issues, especially 

patient data privacy and possible algorithmic bias, should be considered as well to make sure that it can 

be used safely and fairly. 

This paper explores the emerging role of AI in pulp vitality assessment, highlighting its advantages over 

conventional methods, the current challenges hindering clinical adoption, and the potential for future 

integration into endodontic practice. By examining this novel approach, the discussion underscores how 

AI-driven diagnostics can transform decision-making and shape the future of endodontics. 

II. Background and Rationale 

Accurate pulp vitality assessment is a fundamental step in endodontic diagnosis, directly influencing 

treatment planning and prognosis. Conventional diagnostic methods, such as thermal testing, electric pulp 

testing, and more advanced approaches like laser Doppler flowmetry and pulse oximetry, are widely used 

to evaluate the vitality of the dental pulp. While these techniques provide valuable insights, they remain 

limited by several factors, including operator dependency, patient subjectivity, and variability in pulp 

responses due to age, trauma, or systemic conditions. Consequently, misinterpretation of pulp status 

continues to pose a challenge, potentially leading to inappropriate treatment decisions and compromised 

patient outcomes. 

In recent years, the application of artificial intelligence (AI) in healthcare has expanded rapidly, 

demonstrating remarkable potential in medical imaging, diagnostics, and decision support. Dentistry has 

also witnessed this shift, with AI being employed for caries detection, orthodontic analysis, radiographic 

interpretation, and treatment planning. These advancements highlight the capability of AI to handle large, 

complex datasets, uncover subtle diagnostic patterns, and deliver consistent, objective outcomes. 
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The rationale for incorporating AI into pulp vitality assessment stems from the need to overcome the 

inherent limitations of conventional methods. By leveraging machine learning and deep learning 

algorithms, AI systems can integrate multimodal data sources such as radiographic features, 

thermographic signals, and clinical test responses to provide a more accurate and reproducible evaluation 

of pulp status. Beyond improving diagnostic precision, AI holds the potential to support clinicians in real-

time chairside decision-making, reduce inter-examiner variability, and enhance overall treatment 

outcomes. 

This integration aligns with the broader movement toward precision dentistry, where individualized care 

is guided by advanced technologies and data-driven insights. However, for AI-based diagnostic systems 

to achieve clinical utility in pulp vitality assessment, challenges such as the need for high-quality 

annotated datasets, algorithm transparency, and ethical considerations surrounding patient data must be 

addressed. The promise of AI lies not only in refining diagnostic accuracy but also in paving the way for 

predictive and preventive endodontics, thereby establishing a novel paradigm in diagnostic decision-

making. 

III. AI in Pulp Vitality Assessment 

Artificial intelligence (AI) has introduced new opportunities for enhancing the accuracy, efficiency, and 

reproducibility of pulp vitality assessment. Unlike conventional diagnostic methods, which often rely on 

subjective patient responses or operator interpretation, AI-based approaches utilize computational models 

to extract meaningful patterns from clinical, radiographic, and physiological data. Through machine 

learning (ML) and deep learning (DL) algorithms, diagnostic decision-making can be improved by 

recognizing subtle features that may not be discernible to the human eye. 

AI applications in pulp vitality assessment can broadly be categorized into data-driven imaging analysis, 

signal interpretation from diagnostic devices, and integration of patient-specific records. For example, 

convolutional neural networks (CNNs) have been applied to dental radiographs and cone-beam computed 

tomography (CBCT) scans to predict pulp health status, while thermography and pulse oximetry data 

have been processed using ML classifiers to provide objective vitality outcomes. Similarly, patient 

demographic and clinical history data can be integrated with imaging features to generate predictive 

diagnostic models. 

A comparative overview of conventional versus AI-based pulp vitality assessment methods is presented 

in the table below 

Table 1. Comparison of Conventional and AI-Based Pulp Vitality Assessment 

Methods 

Parameter Conventional Methods 

(Thermal/EPT/Flowmetry) 

AI-Based Methods (ML/DL 

models) 
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Accuracy Moderate; influenced by patient response High; objective pattern 

recognition 

Reproducibility Variable; operator- and patient-dependent Consistent; less subject to 

human bias 

Data Utilization Single-modality (e.g., thermal, electrical) Multimodal (imaging, 

physiological, clinical) 

Time Efficiency Rapid but limited diagnostic scope Near real-time once trained 

Clinical Integration Widely available and low-cost Requires digital infrastructure 

and training 

Limitations Subjectivity, false positives/negatives Data dependency, algorithm 

transparency 

To further illustrate the diagnostic potential of AI, the graph below compares the diagnostic accuracy and 

sensitivity of conventional versus AI-based methods across multiple studies. 
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Fig1. A graph comparing sensitivity and specificity of conventional pulp vitality tests versus AI-based diagnostic 

approaches. 

AI’s integration into pulp vitality assessment demonstrates the potential to reduce diagnostic errors, 

provide robust decision-support systems, and enable early intervention. By leveraging large annotated 

datasets and advanced computational models, AI can evolve into a vital adjunct to clinical expertise in 

endodontic diagnostics. 

IV. Advantages of AI-Based Systems 

Enhanced Diagnostic Accuracy: AI algorithms are capable of analyzing complex clinical and imaging 

datasets with high precision, reducing false-positive and false-negative outcomes commonly associated 

with traditional pulp vitality tests. This contributes to more reliable identification of pulp health status. 

 

Objective and Reproducible Results: Unlike conventional methods that rely on subjective patient 

responses or clinician interpretation, AI-based systems provide standardized assessments that minimize 

variability. This ensures consistent diagnostic outcomes across different operators and clinical settings. 

 

Real-Time Decision Support: The integration of AI tools in chairside applications enables rapid analysis 

of diagnostic inputs, providing clinicians with immediate insights. This real-time support facilitates 

timely decision-making and improves the efficiency of treatment planning. 

 

Integration of Multimodal Data: AI systems can simultaneously process data from diverse sources such 

as radiographic images, thermal scans, and patient history offering a comprehensive evaluation of pulp 

vitality that surpasses the limitations of single-test methodologies. 

 

Reduction in Diagnostic Errors: By leveraging pattern recognition and predictive modeling, AI can 

highlight subtle diagnostic cues often overlooked in traditional assessments. This reduces the likelihood 

of misdiagnosis and enhances overall patient outcomes. 

 

Support for Personalized Dentistry: Through continuous learning and incorporation of patient-specific 

information, AI-based systems can tailor diagnostic recommendations to individual cases. This 

personalization aligns with the broader trend toward precision medicine in dentistry. 

 

Educational and Training Value: AI-driven diagnostic platforms also serve as valuable educational 

tools for dental students and practitioners. By providing immediate feedback and evidence-based insights, 

they enhance clinical training and foster evidence-informed practice. 

V. Challenges and Limitations 

Despite the promising role of artificial intelligence in pulp vitality assessment, several challenges and 

limitations must be acknowledged before routine clinical adoption. A primary concern lies in the 

availability and quality of data. Reliable AI models require extensive, high-quality, and well-annotated 

datasets that represent diverse populations and clinical scenarios. Current datasets are often limited in 
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size, heterogeneity, and standardization, which may restrict the generalizability and robustness of trained 

algorithms. 

Another limitation is the issue of algorithm transparency and interpretability. Many AI models, 

particularly deep learning systems, function as “black boxes,” making it difficult for clinicians to fully 

understand the basis of diagnostic outputs. This lack of interpretability may lead to hesitancy in clinical 

adoption and raises concerns regarding accountability in the event of diagnostic errors. 

Integration into clinical practice also poses practical barriers. The cost of implementation, the need for 

specialized hardware or software, and the requirement for clinician training may limit accessibility, 

especially in resource-constrained settings. Additionally, regulatory frameworks for AI in healthcare 

remain under development, which may delay approval and standardized use in dentistry. 

Ethical and legal considerations present further challenges. Patient data privacy and security must be 

safeguarded, as AI systems rely heavily on large volumes of sensitive clinical and imaging data. 

Moreover, algorithmic bias arising from unrepresentative datasets could lead to disparities in diagnostic 

accuracy across different patient groups. 

In summary, while AI has the potential to revolutionize pulp vitality assessment, addressing these 

limitations is essential to ensure safe, reliable, and equitable integration into clinical practice. 

VI. Future Perspectives 

The integration of artificial intelligence into pulp vitality assessment holds considerable promise for 

reshaping the diagnostic landscape in endodontics. Future developments are expected to focus on 

multimodal diagnostic platforms that combine imaging, clinical testing signals, and patient-specific data 

to provide comprehensive and individualized assessments. Such systems could offer dynamic, real-time 

decision support, enabling clinicians to detect subtle changes in pulp status that may otherwise be 

overlooked with conventional methods. 

Advancements in deep learning architectures, including convolutional and transformer-based models, 

may further enhance diagnostic precision by identifying complex patterns across large, heterogeneous 

datasets. Coupled with continuous improvements in imaging modalities such as cone-beam computed 

tomography and infrared thermography, AI-based systems could achieve unprecedented sensitivity and 

specificity in detecting pulp vitality. 

Another important future direction lies in the integration of AI platforms with electronic health records, 

allowing for personalized diagnostic pathways and predictive modeling of pulp and periapical disease 

progression. This would not only facilitate more accurate diagnosis but also support preventive strategies 

and minimally invasive treatment approaches. 

In parallel, the development of user-friendly, chairside AI applications is anticipated, ensuring 

accessibility for general practitioners as well as specialists. However, successful translation into routine 

clinical practice will depend on addressing challenges related to data standardization, algorithm 

transparency, regulatory approval, and ethical considerations. Collaborative efforts among researchers, 
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clinicians, and technology developers will be essential to unlock the full potential of AI in redefining pulp 

vitality assessment and advancing the broader field of dental diagnostics. 

 

7. Conclusion 

AI presents a new and promising direction in the further development of pulp vitality evaluation, 

overcoming the restrictions of traditional diagnostic methods which tend to be based on the subjective 

interpretation and the fluctuating reaction of the patient. Through leveraging the power of data-driven 

algorithms able to process multimodal clinical and imaging data, AI systems have the potential to 

improve the accuracy, reliability and efficiency of endodontic decision-making. The introduction of AI 

can not only enhance diagnostic reliability but also aid clinical application in real time, treatment 

planning, and participation in personalized patient care. 

However, for these benefits to be fully realized, several challenges must be addressed, including the need 

for robust and diverse datasets, algorithm transparency, clinical validation, and adherence to ethical and 

regulatory standards. Overcoming these barriers will be essential to ensure that AI-driven diagnostic 

platforms are accurate, equitable, and seamlessly integrated into routine dental practice. 

In summary, AI represents a paradigm shift in the evaluation of pulp vitality, offering a pathway toward 

more objective, reproducible, and predictive diagnostics. With continued research, refinement, and 

responsible implementation, it has the potential to reshape endodontic diagnostics and significantly 

enhance the quality of patient care. 
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