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ABSTRACT 

Endodontic prognosis has always traditionally been the realm of clinical judgment, radiographic assessment, and patient-

related information, which are limited in their accuracy and consistency. But now, with recent advances in AI, several 

brand-new predictive models have been developed that merge large, complex dataset to provide increased accuracy in 

prognosis. Machine learning and deep learning algorithms are capable of analyzing clinical data records, periapical 

radiographs, and CBCT images to identify subtle patterns suggestive of success or failure of treatment. AI-empowered 

models provide clinicians with evidence-based support in making the final decision: whether they are treatment plans or 

patient communications or long-term prognosis. However, challenges exist, beginning with the limited availability of 

annotated datasets, followed by the desire for model interpretability, and the prospects of external validation across 

disparate populations. Despite all these barriers, though, prediction systems created using AI methods are immensely 

capable of revolutionizing endodontic prognosis, paving toward personalized, data-driven dental care. 
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INTRODUCTION 

The ability to predict the success of endodontic treatment has remained a quintessential clinical challenge in dentistry for 

many years. From the initial pulp and periapical status to intricacies of root canal anatomy, procedural errors, and the 

quality of obturation, an array of variables influences the prognosis of root canal therapy. Clinicians conventionally 

develop their theories of treatment outcomes from clinical examination, interpretation of radiographs, and their own 

experience. These methods do give some guidance toward treatment, yet often are subjective, with decisions varying from 

one clinician to another, thus influencing treatment decisions and long-term prognosis inconsistently. 

Artificial intelligence (AI) has emerged as a transformative technology over the past two decades, marketing its 

data-driven possibilities in prediction, diagnosis, and treatment planning in health care. Nowadays, AI systems are being 

increasingly investigated to utilize computer-based approaches, especially based on machine learning and deep learning 

algorithms, to analyze larger and more complicated datasets that may contain patterns invisible to the human eye. By doing 

so, variables such as patient demographics, tooth type, and imaging data, along with the previous history of treatment for a 

given diagnosis, can all be incorporated into AI-based models that can then assess probabilistically whether a treatment 

might succeed or fail with greater accuracy. 
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There exist opportunities to improve evidence-based practice through the application of AI to endodontic 

prognosis, which also hastens treatment planning in clinical settings, better educates patients about their treatment choices, 

and provides risk assessment leading to reduced retreatments and extractions. This article sheds light on the role of AI in 

the prediction of the outcome of endodontic treatment while placing emphasis on its present applications, clinical 

significance, limitations, and future prospects in this quickly evolving area. 

IMPORTANCE OF PREDICTING ENDODONTIC TREATMENT OUTCOMES 

Prognosis in endodontic treatment is of utmost importance in clinical dentistry because it affects the treatment plan, 

patient's expectations, and general oral health. Successful root canal therapy saves the natural tooth, maintains function, 

and sustains the condition of life. Failure of this treatment means either retreatment or surgical removal of the tooth (Ng et 

al., 2011; Siqueira et al., 2017). Each of the options entails biological, monetary, and psychological burdens to the patient. 

Evoking a clinical standpoint, prognosis provides valid evidence for experts in making decisions to undergo root 

canal treatment, undergo nonsurgical retreatment, or opt for extraction and prosthetic replacement (Mejia et al., 2020). 

Another utility of an accurate prediction model would be to identify high-risk cases, such as teeth showing wide periapical 

lesions, with complex canal anatomy, or compromised periodontal support, where success rates tend to drop for treatments 

(Chen et al., 2019; Patel et al., 2020). Early recognition of such risk factors can prevent performing unnecessary 

procedures and shape better case selection. 

To the patient, understanding the chance of the treatment succeeding augments informed consent with genuine 

expectations. When clinicians can present random, probability-based outcomes, backed by predictive tools, patients are 

more likely to be engaged in decision-making and inclined to follow recommendations for follow-up (Zhang et al., 2021). 

Having engaged patients in decision-making inevitably strengthens the patient–clinician relationship, thereby steering the 

outcome toward greater satisfaction with care. 

 
Figure 1 
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EARLY PREDICTION MODELS (CONVENTIONAL STATISTICAL APPROACHES) 

In earlier years, the making of prediction models for the endodontic prognosis has been a subject of great interest in 

clinical dentistry even before artificial intelligence and deep learning were considered. The traditional statistical 

approaches, upon their first systematized attempts, tried to measure how certain independent variables such as patient-, 

tooth-, and treatment-dependent factors would affect treatment prognosis. Primarily based on regression analyses, survival 

analyses, and multivariate analyses, these models were intended to deliver a working tool to the clinicians to reasonably 

predict treatment outcomes to assist them in tailoring the treatment accordingly (Ng et al., 2011). These early tools were 

limited compared to what computational advances exist today, but they nevertheless essentially laid the groundwork for 

that early understanding of endodontic prognosis. 

Outcome regression-based methods, and especially logistic regression, were other widely applied techniques to 

classify treatment outcomes into binary categories of success or failure. Such models found important influencing factors 

that act upon outcomes such as preoperative periapical lesion, complexity of canal anatomy, tooth type, and root filling 

quality (Siqueira et al., 2017). With the evolution of survival analysis, considerations of tooth survival through time have 

offered a more dynamic perspective on outcomes; analysis, for example, with the Kaplan–Meier method and Cox 

proportional hazards regression, is used to obtain expected probabilities of tooth retention for differing periods. This 

provides more detailed treatment planning information for patients (Fleming et al., 2016). 

One of the foremost strengths of performing early approaches was their interpretability. A regression model 

would produce coefficients that would tell you whether a factor positively or negatively influenced the likelihood of 

success, unlike systems that were more complicated. This greatly enhanced clinical modalities, where they customarily 

have been applied to patient care (Mejia et al., 2020). For example, according to these predictions, clinicians would convey 

to their patients that having any pre-existing periapical lesion lessened the probabilities for healing completely, whereas the 

chances of success were increased due to an excellent quality coronal restoration. The development of scoring systems and 

indices based on these models also made chairside risk-assessing tools readily available for use by clinicians. 

However, these models were not without any drawbacks. Being dependent upon the quality of the collected data-

imposed in cases of small samples, irregular records, or simply missing data-these models assumed linear relationships-a 

linear relationship does not suffice in elucidating complex biological phenomena. For instance, the interplay among lesion 

size, host immune response, and microbial diversity is essentially nonlinear. Hence it cannot be sufficiently expressed by a 

simple regression model (Patel et al., 2020). It levelled the playing field with regard to the predictive accuracy. 

Another challenge was being the basis of subjective diagnostic inputs. Conventional radiographs made the crux of 

many early datasets: yet, two-dimensional imaging comes with superimposition, less depth of perception, and decreased 

sensitivity for detecting apical pathology. Thus, the actual predictive power of these models remained hampered by the 

diagnostics available at the times (Chen et al., 2019). Low inter-observer variability in radiographic interpretation therein 

decreased reliability even more, implicating an observer bias in assessing outcomes. 

To a certain extent, these penalty scoring systems became the weeds of endodontics. They helped in identifying 

prime standard risk factors for failure or success, such as preoperative periapical status, obturation, or coronal leakage 

quality: Considerations that defined treatment planning and case selection. For instance, it was widely agreed that teeth 

with large periapical lesions had less chance of healing and healing influenced whether clinicians recommended 
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nonsurgical retreatment vs. surgical alternatives (Ng et al, 2011). Similarly, long-term success was reported to be 

dependent on not only root canal therapy but also on the long-term restorative integrity and thereby stimulating attention to 

comprehensive treatment planning (Fleming et al, 2016). 

These models similarly impacted the public health realm and policy. Retrospective analyses by statistical methods 

allowed estimating the success rates of endodontic treatment across cities, hence influencing how resources were allocated 

through the endodontic care systems. For example, there was evidence indicating that getting the right restorative care was 

as vital as the endodontic treatment itself, and health policies, therefore, were concluded on the basis of comprehensive 

care (Siqueira et al., 2017). 

More important, the early models had the advantage of facilitating better communication with patients. In cases 

where these models could not be as precise as AI tools of today, they still allowed clinicians to present probability-based 

outcomes to patients. Explaining treatment chances, such as 80 percent theoretically, based on data available for treatment, 

empowered patients in making decisions as well as in forming realistic expectations (Zhang et al., 2021). Such numerical 

framing led to shared decision-making and reinforced trust between the clinician and the patient. 

Another great legacy of conventional statistical models was to standardize outcome measures. Before their 

widespread use, definitions of success varied but would generally include considerations such as clinical symptom 

resolution, radiographic healing, or long-term retention. Generally, these statistical studies favor using a more standardized 

index, such as the Periapical Index (PAI), which is still in extensive use for outcomes nowadays (Setzer & Kim, 2020). 

This kind of standardization obviously facilitates comparability between studies, leading to meta-analytic reviews, which 

are typically the basis of clinical guidelines. 

In medical research, the early application of statistics mirrored the larger transformation toward evidence-based 

practice. The coming of multivariate and hierarchical modeling gave scientists the ability to assess multiple layers of 

interactions, such as on tooth, patient, and operator. For instance, multilevel regression could show how operator skill and 

clinical environment may affect treatment success significantly more than the intrinsic risk factors of the tooth itself 

(Fleming et al., 2016). This recognition brought about a need to consider systemic and contextual variables while 

addressing outcomes. 

Finally, however, these models found limitations underscoring the need for more advanced computational 

methods. They could not account for non-linear interactions, could not process large heterogeneous datasets, and could not 

ingest complex imaging data-among others-yet all gaps that AI and machine learning may seek to fill. Because of their 

interpretability and ease of use, conventional statistical models were, in fact, highly relevant in their era and set the 

foundation for the construction of more sophisticated models. 

Early predictive models, derived from widely accepted statistical methods, represented the first formalized system 

for endodontic prognosis. They pinpointed significant prognostic factors, articulated standardized measures of outcome, 

influenced clinical decision-making, and fostered enhanced communication with patients. Although less refined and 

adaptive than today's AI-driven systems, they ushered in a fundamental step in the advancement of predictive endodontics. 

The legacy of those earlier models still endures, as many of the risk factors identified therein remain core components 

within present-day predictive models, even as technology moves toward more automated, data-based, and nonlinear 

approaches (Chen et al., 2019; Patel et al., 2020; Zhang et al., 2021). 
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DEEP LEARNING MODELS 

Traditional machine learning methods such as decision trees, random forest, and support vector machines have largely 

contributed to predictive modeling in dentistry; however, with the rise of deep learning, a new-age automated prognosis 

technique emerged. Deep learning, in other words, might be categorized as AI based on multi-layered artificial neural 

networks and is ideally suited to working with high-dimensional and unstructured data sets such as radiographs, CBCT 

scans, and even clinical photographs. 

One of the most common deep learning architectures in dentistry is CNNs, known for their performance in pattern 

recognition. Thus, CNNs have found applications in dental imaging tasks, including detecting periapical lesions, 

classifying root canal morphology, and grading the success of treatments (Orhan et al., 2020; Pauwels et al., 2021). Since 

they learn features from imaging data, CNNs limit the amount of manual annotation required and thus remove subjectivity 

from clinician-based interpretation. 

Tables have shown, with respect to endodontics, that DL models have the capability to predict treatment outcomes 

by combining radiographic data with clinical variables. For example, it has been shown that CNNs can detect the presence 

of periapical pathology at a level similar to expert examiners and that, when supplemented with knowledge of patient 

history and procedural information, these models proposed outcome probabilities superior to those relationships predicted 

by normal statistical means (Setzer & Kim, 2020; Ahmed et al., 2021). 

One strength of deep learning is considering the creating, huge complex dataset and uncovering nonlinear 

interactions between variables that standard-linear models might not find. This mechanism has been adapted to prognosis 

when many interacting biological, anatomical, and procedural variables are in dynamic interaction. 

However, deep learning systems are not without hitches. Commonly referred to as “black box” systems on 

account of the limited interpretability of the predictions, such systems may actually lead to diminished trust in AI-

generated predictions on the part of clinicians (Samek et al., 2017). Furthermore, the training of CNNs requires huge 

amounts of annotated imaging data, which are still not duly available in endodontics compared to fields such as radiology 

or oncology. All these put constraints upon their faster clinical translation by way of computational costs and the need for 

external validation. 

Despite these barriers, deep learning models may serve as a prospective frontier for AI-based prediction of 

endodontic treatment outcomes. With the rise of curated datasets and the evolution of explainable AI, DL could become a 

vital part of an endodontic clinical decision support system. 

ENHANCING PATIENT COMMUNICATION WITH EVIDENCE-BASED PREDICTIONS 

In general, one of the greatest benefits that AI-based predictive models can confer on endodontic practice is the 

improvement of communication between clinicians and patients. Prognosis discussions, in the traditional sense, are much 

dependent on a clinician's subjective judgment and are expressed in terms such as "good," "fair," or "guarded" prognosis, 

definitively to the patient's benefit. As helpful as they are, these can be rather vague and may leave the patient unsure about 

the probable outcome of the treatment (Ng et al., 2011). 
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The predictive AI-driven systems can give clinicians relevant probabilistic values based on the evidence and the 

probability of success or failure of treatment. For instance, if a patient has a tooth with a huge periapical lesion, they might 

be told that larger studies with other cases analyzed by an AI model estimate a 70-80% probability of long-term healing. At 

this level of specificity, informative consent may be given. At the same time, patients can set realistic expectations on the 

likely course of their treatment (Zhang et al., 2021). 

Evidence-based predictions are also considered to foster shared decision-making. Providing objective information 

enhances the ability of patients to truly comprehend the risks and benefits of different treatment methods, such as 

nonsurgical retreatment versus extraction and implant placement. Medicine-based studies assert that when decisions are 

made collaboratively through the use of predictive tools, patients become more engaged and more satisfied (Elwyn et al., 

2012). These principles hold for endodontics as well, where clear communication based on sound evidence will lead to 

higher levels of trust and adherence to post-treatment care instructions. 

Furthermore, clinicians are given greater transparency and medico-legal protection by evidence-based prognosis. 

By documenting treatment recommendations with the support of validated predictive models, clinicians can show that they 

complied with evidence-based standards of care. This grants patients confidence and decreases the chances of disputes 

arising from unmet expectations (Setzer & Kim, 2020). 

To summarize, AI-based prognoses convert patient communication from hypothetical reassurance into objective 

and individual counseling, which in turn generates trust, engagement, and satisfaction in endodontic care. 

DISCUSSION 

Artificial intelligence systems applied to predict outcomes of endodontic treatment stand as a major advancement in 

evidence-based dentistry. Under previous approaches, which indeed had their value, statistical assumptions and clinician 

interpretations limited the framework; an assumption was made about the factors contributing to prognosis that may not 

have stood up under closer scrutiny considering biological, anatomical, and procedural variations or complexity. Now the 

AI systems, especially those with deep learning, can surpass these limitations with the ability to process vast 

multidimensional datasets and analyze patterns subtle enough to escape human perception. 

The major advantage of AI-driven prediction models is the realization of increasingly precise and individualized 

treatment planning. By using quantitative risk assessments, clinicians may identify cases with higher probability to fail 

and, thus, modify their procedures toward additional imaging, advanced instrumentation techniques, or even alternative 

treatments. From a generic approach to a more individualistic approach, such a trend could go a long way to increase the 

success rates plus decrease the retreatments and extractions.  

Patient experience is even more enhanced by predictive modeling. Prognosis communicated in measurable terms 

facilitates trust and shared decision-making, as patients tend to see their options and expected outcomes more clearly. 

Thus, satisfaction increases but so does their adherence to follow-up recommendations, which is essential to assess for 

treatment success over the long term. 

Nonetheless, despite these bright applications, AI has some hurdles in getting widespread usage in endodontic 

prognosis. Challenges such as the limited availability of high-quality annotated datasets, variations across populations, and 

the interpretability of complex algorithms need to be dealt with. These models will also need validation in multi-center 

studies with standardized protocols and must also involve clinicians, researchers, and data scientists working together 
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before their integration into the day-to-day practice settings. 

In the view of the future, such AI systems are expected to become increasingly accurate in their predictive 

capacities and consequently useful in clinical decision-making. Along with imaging and data-sharing frameworks, such 

systems would appear to best serve in an endodontic environment as a decision support system-a food for thought 

alongside clinical expertise but not for substituting it. The ultimate goal would be to strive toward a complementary 

approach in which data predictions and clinical best judgment come together for the best patient care outcome. 

CONCLUSION 

To the end that patient-centered care receives advances, alongside the means for long-term tooth preservation, and accurate 

prediction of endodontic treatment outcomes must be at the center. Although traditional statistical modeling of prognostic 

factors provided some information on such factors, restrictions inherent in applying these methods to intricate clinical data 

reduced their predictive power. Artificial intelligence, deep learning models especially, came into being as a more 

powerful, data-driven paradigm that will more meaningfully assist clinicians in making better decisions and 

communicating with their patients regarding possible treatment outcomes. 

Within various boundaries, such as small datasets, challenges of generalizability, and work to be done on 

transparency of models, research in general indicates an increasing role for AI-based applications in endodontic practice. 

As technology improves and validation studies unfold, there is an expectation for AI-based systems to step up and be 

considered a clinical decision support tool that will provide objective and evidence-based prognosis in accord with 

professional expertise. Ultimately, treatment failure could be diminished by these tools, patient satisfaction could be 

improved, and the standard of dental care could be greatly enhanced in terms of specificity and personalization. 
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