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Abstract

Introduction

Artificial Intelligence (Al) is revolutionizing healthcare, and its impact on dentistry, particularly in endodontics,
is becoming increasingly significant. Al technologies such as machine learning, deep learning, and computer
vision are proving beneficial in the detection, diagnosis, and treatment of dental diseases. This review focuses
on the application of Al in root canal therapy, examining how these technologies contribute to enhancing
diagnostic accuracy and optimizing treatment planning.

Methodology

This research reviews existing literature on the use of Al in endodontics. It includes studies on Al's application
in radiographic analysis, disease detection, and treatment outcome prediction. The review also explores the role
of Al in dental education and training, providing insights into both the benefits and challenges of implementing
Al technologies.

Results

Al has demonstrated remarkable potential in automating the detection of dental pathologies such as periapical
lesions, aiding clinicians in making more accurate diagnoses. Machine learning and deep learning models have
been effective in predicting treatment outcomes, which assists clinicians in planning root canal therapies more
efficiently. Al tools are also enhancing educational frameworks in endodontics by providing simulations that
help reduce human error and improve learning outcomes.

Discussion

Despite the promising results, there are challenges to the widespread implementation of Al in clinical practice.
Issues such as data privacy, the transparency of Al algorithms, and the integration of these systems into existing
clinical workflows remain significant obstacles. Additionally, the need for rigorous validation of Al tools in
real-world settings and the training of clinicians to work alongside Al systems are critical considerations for the
future.

Conclusion

Al is poised to revolutionize the field of endodontics, improving diagnostic accuracy, treatment planning, and
educational practices. However, to fully integrate Al into routine clinical practice, addressing challenges
related to data privacy, algorithm transparency, and workflow integration is essential. The continued
development and refinement of Al technologies in this field hold great promise for enhancing patient care and
clinical outcomes in endodontics.

Keywords: Artificial intelligence, Automated diagnosis, Deep learning, Endodontics, Machine learning,
Predictive analysis

I.  Introduction:

Artificial Intelligence (Al) is making significant strides in healthcare, particularly in the field of
endodontics, by improving interactions between humans and machines. Building upon John McCarthy's
pioneering work in Al, the technology has progressed to perform intelligent tasks aimed at specific goals [1]. In
endodontics, Al contributes to enhancing diagnostic accuracy, streamlining treatment planning, and predicting
patient outcomes. Tools like Artificial Neural Networks (ANN) and Machine Learning are essential for
analyzing medical images, supporting clinical decision-making and managing complex dental data. However,
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there are still challenges, such as issues with data quality, ethical considerations, and the necessity for clinical
validation [2]. Al has already brought advancements to areas like radiography and surgery, with Food and drug
administration (FDA) approved applications improving the diagnosis, treatment, and prevention of conditions
affecting the pulp and surrounding tissues [3]. While Al has found its primary application in radiological
diagnosis within endodontics, it is also being utilized for optimizing treatment planning and predicting treatment
results [4]. Despite some misconceptions about Al that may raise unrealistic expectations, the potential of Al to
revolutionize healthcare remains clear [5]. By enhancing patient care, boosting efficiency, and enabling
innovations in various medical domains, Al's impact is undeniable. In dentistry, Al's transformative influence is
evident through models like Convolutional Neural Networks (CNN) and ANN, which are improving many
aspects of dental practice [5]. Virtual dental assistants powered by Al are contributing to more precise and
productive operations in clinics, reducing the need for large teams while maintaining high standards [6]. Al's
diagnostic capabilities also play a crucial role in oral and maxillofacial surgery, including procedures such as
tumor excision and dental implant placement. Moreover, Al-powered design assistants are advancing prosthetic
dentistry by creating more aesthetically tailored and comfortable prostheses [7]. As Al technology continues to
develop, it is expected to have a growing impact on endodontics and other dental fields, though addressing
ethical concerns and limitations is vital to fully harness its potential [8].In recent years, Al has become
indispensable across various medical sectors, including endodontics, which focuses on diseases of the dental
pulp and surrounding tissues. Achieving successful outcomes in endodontics requires precision and skill [9].
Traditional diagnostic and treatment methods often rely heavily on subjective judgment and manual labor, but
Al integration offers the potential to enhance these processes, leading to more accurate, efficient, and patient-
centered care [10]. Al in endodontics incorporates state-of-the-art technologies such as machine learning, deep
learning, and computer vision to aid in diagnosis, predict treatment success, and automate routine tasks. Al-
driven imaging systems are improving the detection of endodontic conditions, and robotic systems are assisting
in precise root canal procedures [11]. Additionally, Al can predict treatment outcomes, improve patient
management, and refine clinical decision-making. Since John McCarthy introduced Al in 1956, the technology
has become increasingly important in multiple industries, including healthcare. The integration of Al into
healthcare merges computer science with large datasets to tackle complex challenges. Early Al applications,
such as expert systems developed in the 1980s to emulate human decision-making, laid the foundation for
further innovations [12]. These initial systems faced limitations, but with the advancement of computing power
and specialized algorithms, machine learning and deep learning have emerged as powerful subfields
[13].Machine learning uses statistical algorithms to develop systems that improve autonomously, while deep
learning, through artificial neural networks, allows systems to learn from data, mimicking the human brain's
processes [14].Although Al research in healthcare has grown significantly in recent years, there remains limited
dental literature on the subject. A recent review highlighted that Al is being applied in various aspects of
dentistry, such as imaging, diagnostics, caries detection, and robotic procedures [15]. This research aims to
explore the application of Al in endodontics, focusing on diagnosis, treatment planning, execution, and outcome
prediction. It will address the challenges and limitations of integrating Al into the field, while also considering
future advancements that could enhance patient care [16]. As Al technology progresses, its role in endodontics
are expected to expand, offering more precise, personalized, and efficient treatment options [17]. The research
will examine Al's benefits and practical applications, particularly in areas like prognosis prediction, root canal
failures, vertical root fractures, root morphology, and diagnosing pulpal diseases and periapical lesions. By
synthesizing findings, the goal is to provide an up-to-date understanding of AI’s potential to improve the
accuracy, efficiency, and accessibility of endodontic care, ultimately guiding the development of Al models
tailored to the unique challenges of the field [18].

Il.  Methodology
Research Design
This study employs a qualitative systematic review methodology to analyze the role of Al in
diagnosing endo-perio lesions. A comprehensive review of existing literature was conducted to synthesize
findings related to Al applications, machine learning models, and deep learning frameworks in endodontics.

Data Collection

Relevant studies were identified through systematic searches in databases such as PubMed, Scopus,
Web of Science, and IEEE Xplore. The search strategy included keywords such as "Artificial Intelligence in
Endodontics,” "Machine Learning in Dental Diagnosis,”" "Deep Learning for Endo-Perio Lesions,”" and "Al in
Root Canal Therapy." The inclusion criteria consisted of peer-reviewed journal articles, conference papers, and
systematic reviews published in the last decade. Articles that lacked empirical data or did not focus on Al
applications in endodontics were excluded.
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Data Analysis

A thematic analysis approach was used to categorize and interpret findings. Extracted data were classified into

the following themes:

1. Al Applications in Diagnosis: Studies examining the role of Al in identifying periapical and periodontal
lesions using radiographic imaging.

2. Predictive Accuracy of Al Models: Assessment of machine learning algorithms such as CNN, ANN, and
Support Vector Machines (SVM) in diagnosing endodontic and periodontal diseases.

3. Clinical Integration of Al: Evaluation of AI’s role in decision support systems and treatment planning.

4. Challenges and Limitations: ldentification of barriers such as data privacy concerns, algorithm bias, and
ethical considerations in Al implementation.

Ethical Considerations

Since this study is based on secondary data, no direct patient involvement was required. However,
ethical guidelines for data handling and privacy were adhered to by considering studies compliant with Health
Insurance Portability and Accountability Act (HIPAA) and General Data Protection Regulation (GDPR)
regulations. The review process ensured transparency and objectivity by minimizing bias in study selection and
interpretation.

Reliability and Validity

To ensure the reliability and validity of the findings, cross-referencing with multiple sources was
conducted. The selected studies underwent quality assessment using the QUADAS-2 tool to evaluate their
methodological rigor. Studies with high risk of bias were excluded to maintain credibility and reliability in the
results.

Limitations

This study is limited to secondary data analysis and does not include real-time Al model validation in
clinical settings. Furthermore, the scope is restricted to Al applications in endodontics and periodontal
diagnosis, excluding broader aspects of dental Al innovations

I11.  Discussion:

Endodontics, a rapidly evolving field, is witnessing a transformative shift with the integration of Al.
Central to this revolution is the development of CNN, which have substantially improved diagnostic accuracy
and treatment planning [19]. By automating complex tasks such as identifying intricate root canal anatomy,
detecting detect vertical root fractures, predicting pressure during canal preparation, and recognizing
abnormalities in radiographic images, Al has enhanced the precision of diagnoses and the customization of
treatment regimens [20]. This technological advancement directly translates to improved patient outcomes, as
endodontists can now rely on more accurate data to inform their decisions [21].

Enhanced diagnostic accuracy with Al-assisted imaging: Al significantly impacts diagnostic accuracy,
particularly when paired with advanced imaging technologies like Cone Beam Computed Tomography (CBCT)
[22]. Traditional 2D radiographs often fail to detect early-stage lesions, whereas Al-enhanced CBCT scans can
achieve up to 93% accuracy in identifying periapical lesions and fractures [23]. This improvement is especially
valuable in underserved areas where radiologists are scarce. Furthermore, Al's ability to detect vertical root
fractures with a sensitivity rate of up to 97% has revolutionized diagnosis, minimizing unnecessary tooth
extractions and improving patient care [24]. Al also aids in detecting early-stage cracks, a common cause of
tooth decay, further enhancing early intervention and preventing tooth loss [25].

AD’s role in treatment planning and workflow optimization:

Al is increasingly central in enhancing treatment planning in endodontics by offering a higher level of precision
and efficiency.

Personalized treatment protocols: Al algorithms analyze patient data, such as medical histories, diagnostic
images, and clinical goals, to predict the most effective treatment plans. This results in a more personalized
approach that aligns with each patient’s unique characteristics [25].

3D modeling for root canal treatment: Al can generate highly detailed 3D models, allowing endodontists to
better understand root canal morphology, measure curvatures, and identify variations in canal structures. This
detailed visualization reduces human error and enhances the precision in procedures like determining working
length, which is critical to the success of root canal therapy [26].

Predicting treatment success: Al’s ability to forecast the success rates of treatments, including root canal
retreatments and microsurgeries, aids clinicians in making informed decisions. Al models have demonstrated
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accuracy rates of up to 80% in predicting treatment outcomes, reducing the risk of unnecessary procedures and
improving treatment success rates [27].

Predictive power of Al in post-treatment management:

AT’s potential extends beyond treatment planning into post-treatment management, where it can predict patient
recovery and outcomes:

Postoperative pain prediction: Using tools like ANNs, Al systems can predict the level of postoperative pain a
patient might experience. This allows clinicians to better prepare patients for recovery, managing pain relief and
expectations effectively.

Retreatment success prediction: Al algorithms, including XGBoost and random forest models, improve the
prediction of endodontic retreatment outcomes. These models boast success prediction rates as high as 84.4%,
helping clinicians decide whether a tooth requires retreatment or extraction, minimizing unnecessary
interventions and boosting patient satisfaction [28].

Overcoming challenges in Al integration

While Al in endodontics presents great promise, there are several challenges to overcome:

Data privacy and security: Al tools require access to sensitive patient data. Ensuring compliance with
regulations such as Health Insurance Portability and Accountability Act (HIPAA) and General Data Protection
Regulation (GDPR) is essential to safeguard patient confidentiality and avoid data breaches.

Integration into clinical workflow: AI’s seamless integration into existing clinical workflows can be
challenging. Practices must adapt their infrastructure, and clinicians need proper training to use these tools
effectively without disrupting day-to-day operations [29].

Continuous learning and updates: Al systems require regular updates and retraining to incorporate new
medical knowledge and treatment protocols. This necessitates ongoing investments in data collection and
technical support to maintain the effectiveness of Al tools.

Reliability and accountability: Al is a tool to support clinicians, not replace them. In cases where Al makes an
incorrect recommendation, clear guidelines are needed regarding accountability. Clinicians must ensure that
they apply Al insights thoughtfully, maintaining patient safety and optimal decision-making [30] [Figure 1].

Al Integration in Endodontics: Impact and Challenges

93%

80%
80

60

40

Impact (Percentage)

20

Al in Treatment Planning Al in Post-Treatment Management Challenges in Al Integration
Areas of Al Impact in Endodontics

Figure 1: Al Integration in Endodontics: Impact and Challenges

Al's Impact on Diagnosis

Ethical decision-making: Al tools must respect patient autonomy and informed consent. Ethical concerns arise
when Al recommendations conflict with a clinician’s judgment or patient preferences. Clinicians must be
transparent about Al's role in diagnosis and treatment planning to preserve trust in the healthcare process [31].
[Table 1] summarizes the main points and findings of literature reviews on Al's applications in predicting
outcomes and improving endodontic treatments.
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Table 1: Al Applications in Predicting Endodontic Outcomes

Study/Author(s) Objective/Focus Methodology Key Findings Conclusion/Implication
S
Arias Aet al. Investigate Al in Deep learning with Al achieved higher Al improves precision in
[32] working length radiographs and apex accuracy than manual determining working

determination during

locator data

methods in working

length

procedures length determination
Lussi A et al [33] stu_dy Al for Neural netv_vork Al _pre(_iicted ) Al can _predict
predicting root canal models applied to complications with complications early,
treatment patient records and high accuracy (85- aiding pre-treatment

complications

treatment outcomes

90%)

planning

Brunton, P.A et al [34]

Evaluate the role of
Al in root canal
treatment success
prediction

Retrospective analysis
with Al, utilizing
CBCT images for

training

Al-based models
identified key factors
influencing root canal

success

Al can predict treatment
outcomes based on
anatomical factors

Mosleh Hamid et al.
[35]

Analyze Al-based
models for predicting
post-treatment
complications

Machine learning
algorithms (ANNSs,
SVM) applied to
clinical data

Al models show up to
80% prediction
accuracy for post-
operative pain

Al enhances predictive
ability in patient treatment
planning

Razavian Hamidet al.
[36]

Explore Al's role in
vertical root fracture
detection

CNN-based image
analysis on CBCT
scans

Al-based systems
detect vertical root
fractures with high
sensitivity and
specificity

Al systems aid in early
diagnosis of vertical root
fractures

de Gregorio Cet al.

Apply wavelet

CBCT images with

Wavelet analysis
enhanced detection of

Combining wavelet

[37] analysis with machine wavelet analysis and analysis and Al
learning for neural networks vertical root fractures improves vertical root
diagnosing vertical fracture detection
root fractures accuracy
Kim E.etal Investigate Al for Case-Based CBR showed 84% CBR can help
' decision support in Reasoning (CBR) accuracy in predicting endodontists decide
[38] endodontic system for retreatment success whether to perform
retreatments retreatment decision- retreatment
making
Sahni Aet al. Review Al applications Systematic review of mgz;a;éiz'::cy "LSI Standardized protocols
{39] in endodontic diagnosis Al studies in Y needed for consistent Al

and treatment

endodontics

promise for improving
diagnosis

outcomes

Future prospects of Al in endodontics:

Looking ahead, the role of Al in endodontics is expected to expand in exciting ways:
Enhanced diagnostic accuracy: As Al systems evolve, they will become more adept at detecting endodontic
issues earlier and more precisely, potentially preventing invasive treatments by identifying problems like

infections or root fractures in their early stages.

Personalized treatment plans: Al could further refine personalized treatment recommendations, integrating a
patient’s full medical history, genetic data, and the latest clinical findings to optimize success rates and patient

outcomes [40, 41].

Robotic-assisted procedures: With advancements in Al-driven robotics, root canal treatments and other
endodontic procedures could become more precise and efficient. Automation may reduce human error and
shorten recovery times, increasing overall treatment efficiency.
Post-treatment monitoring: Al could take a leading role in monitoring recovery after treatments. It could
analyze follow-up diagnostic images to track healing progress and detect complications early, prompting timely
intervention when necessary.
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Education and training: Al-powered virtual reality simulations and real-time feedback tools can help
clinicians refine their skills, especially for complex procedures. Al could revolutionize the way dental
professionals are trained, ensuring they stay updated with the latest techniques.

Collaborative Al systems: Al will likely evolve to become a collaborative tool that works alongside clinicians
rather than replacing them. By integrating Al-driven insights with human expertise, the two can complement
each other to optimize patient care, creating a more efficient and effective clinical workflow [42-45] [Figure 2].
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Figure 2: Distribution of impact across different innovations in dentistry

IV.  Conclusion:

Al is on the verge of revolutionizing endodontics, with the potential to dramatically enhance diagnostic
accuracy, personalized treatment plans, and procedural efficiency. By harnessing the power of Al, endodontists
can achieve more precise diagnoses, tailor treatments to the individual, and streamline procedures, leading to
improved outcomes and a higher standard of patient care. This transformative technology will allow clinicians
to make informed decisions faster and more accurately, ultimately raising the level of practice. However, the
journey toward integrating Al into clinical settings is not without its hurdles. Critical challenges such as data
security, aligning with established workflows, and navigating ethical concerns must be addressed to ensure that
Al reaches its full potential. Ensuring Al tools comply with stringent privacy regulations and integrate smoothly
with existing systems is essential for broader adoption and effectiveness. Despite these hurdles, the future of Al
in endodontics is incredibly bright. As Al technology advances, it will become an essential tool in endodontic
practices, reducing human error, optimizing workflows, and providing innovative solutions to long-standing
challenges. In the end, Al will not only enhance patient care and improve clinical outcomes but will also pave
the way for a new era in dental practice—one that is more precise, efficient, and patient-centered than ever
before.

Financial support and sponsorship Nil
Conflicts of interest: There are no conflicts of interest

References

[1]. Ng YL, Mann V, Rahbaran S, et al. Outcome of primary root canal treatment: systematic review of the literature—part 1. Effects of
study characteristics on probability of success. Int Endodontic J. 2007; 40(12):921-939.

[2]. Eriksen HM, Kirkevang LL, Petersson K. Endodontic epidemiology and treatment outcome: general considerations. Endodontic
Topics. 2002; 2(1):1-9.

[3]. Brickley MR, Shepherd JP, Armstrong RA. Neural networks: a new technique for development of decision support systems in
dentistry. J Dent. 1998; 26(4):305-309.

DOI: 10.35629/076X-12021219 www.questjournals.org 17 | Page




ENDO Al: A Novel Artificial Intelligence Framework for Predicting Treatment Outcomes ..

[4].
[5].
[6].
[7].
[8].
[9].

[10].
[11].
[12].
[13].
[14].
[15].
[16].

[17].
[18].

[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].

[27].
[28].

[29].
[30].
[31].
[32].
[33].
[34].
[35].

[36].

[37].

[38].

[39].

Tripathy M, Maheshwari RP, Verma HK. Power transformer differential protection based on optimal probabilistic neural network.
IEEE Trans Power Del. 2010; 25 (1):102-112.

Lee JH, Kim DH, Jeong SN, et al. Detection and diagnosis of dental caries using a deep learning-based convolutional neural
network algorithm. J Dent. 2018; 77:106-111.

Lee JH, Kim DH, Jeong SN, et al. Diagnosis and prediction of periodontally compromised teeth using a deep learning-based
convolutional neural network algorithm. J Periodontal Implant Sci.2018; 48(2):114-123.

Casalegno F, Newton T, Daher R, et al. Caries detection with near-infrared transillumination using deep learning. J Dent Res.2019;
98(11):1227-1233.

Kise Y, Ikeda H, Fujii T, et al. Preliminary study on the application of deep learning system to diagnosis of Sjogren’s syndrome on
CT images. Dentomaxillofac Radiol. 2019; 48(6):20190019.

Zhang W, Li J, Li Z, et al. Predicting postoperative facial swelling following impacted mandibular third molars extraction by using
artificial neural networks evaluation. Sci Rep. 2018; 8(1):12281.

Choi HI, Jung SK, Baek SH, et al. Atrtificial intelligent model with neural network machine learning for the diagnosis of
orthognathic surgery. J Craniofac Surg. 2019; 30(7):1986-1989.

Patcas R, Timofte R, Volokitin A, et al. Facial attractiveness of cleft patients: a direct comparison between artificial-intelligence-
based scoring and conventional rater groups. Eur J Orthod. 2019; 41(4):428— 433.

McGrath TA, Alabousi M, Skidmore B, et al. Recommendations for reporting of systematic reviews and meta-analyses of
diagnostic test accuracy: a systematic review. Syst Rev. 2017; 6(1):194.

Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy
studies. Ann Intern Med. 2011; 155 (8):529-536.

Saghiri MA, Garcia-Godoy F, Gutmann JL, et al. The reliability of artificial neural network in locating minor apical foramen: a
cadaver study. J Endod. 2012; 38(8):1130-1134.

Saghiri MA, Asgar K, Boukani KK, et al. A new approach for locating the minor apical foramen using an artificial neural network.
Int Endod. J 2012; 45 (3):257-265.

Campo L, Aliaga 1J, De Paz JF, et al. Retreatment predictions in odontology by means of CBR systems. Comput Intell
Neurosci.2016; 2016:7485250.

Ekert T, Krois J, Meinhold L, et al. Deep learning for the radiographic detection of apical lesions. J Endod. 2019; 45(7):917-922.e5.
Hiraiwa T, Ariji Y, Fukuda M, et al. A deep-learning artificial intelligence system for assessment of root morphology of the
mandibular first molar on panoramic radiography. Dentomaxillofac Radiol. 2019; 48(3):20180218.

Johari M, Esmaeili F, Andalib A, et al. Detection of vertical root fractures in intact and endodontically treated premolar teeth by
designing aprobabilistic neural network: an ex vivo study. Dentomaxillofac Radiol. 2017; 46(2):20160107.

Hatvani J, Andras H, Jérome M, et al. Deep learning-based super resolution applied to dental computed tomography. IEEE Trans
Rad Plasma Med Sci. 2019; 3(2):120-128.

Zhang X, Xiong S, Ma Y, et al. A Cone beam computed tomographic study on mandibular first molars in a Chinese subpopulation.
PLo0S One. 2015; 10 (8):€0134919.

Celikten B, Tufenkci P, Aksoy U, et al. Cone beam CT evaluation of mandibular molar root canal morphology in a Turkish cypriot
population. Clin Oral Investig. 2016; 20(8):2221-2226.

Caputo BV, Noro Filho GA, de Andrade Salgado DM, et al. Evaluation of the root canal morphology of molars by using cone-beam
computed tomography in a Brazilian population: part I. J Endod.2016; 42(11):1604-1607.

Seidberg B, Alibrandi B, Fine H, et al. Clinical investigation of measuring working lengths of root canals with an electronic device
and with digital-tactile sense. J Am Dent Assoc. 1975; 90 (2):379-387.

Powell-Cullingford AW, Pitt Ford TR. The use of E-speed film for root canal length determination. Int Endod J. 1993; 26(5):268—
272.

Gutmann JL, Leonard JE. Problem solving in endodontic working length determination. Compend Contin Educ Dent. 1995; 16(3):
288, 290, 293-4 passim; quiz 304.

Gordon MP, Chandler NP. Electronic apex locators. Int Endod J. 2004; 37(7):425-437.

Janner SF, Jeger FB, Lussi A, et al. Precision of endodontic working length measurements: a pilot investigation comparing cone-
beam computed tomography scanning with standard measurement techniques. J Endod. 2011; 37(8):1046-1051.

Llena-Puy MC, Forner-Navarro L, Barbero-Navarro I. Vertical root fracture in endodontically treated teeth: a review of 25 cases.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001; 92(5):553-555.

Mora MA, Mol A, Tyndall DA, et al. In vitro assessment of local computed tomography for the detection of longitudinal tooth
fractures. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.2007; 103(6):825-829.

Arias A, de la Macorra JC, et al. Relationship between postendodontic pain, tooth diagnostic factors, and apical patency. J Endod.
2009; 35(2):189-92.

Lussi A, Janner SF, et al. Precision of endodontic working length measurements: a pilot investigation comparing cone-beam
computed tomography scanning with standard measurement methods. J Endod. 2011; 37(8):1046-51.

Brunton PA, Abdeen D, MacFarlane TV. The effect of an apex locator on exposure to radiation during endodontic therapy. J Endod.
2002; 28 (7):524-526.

Mosleh H, Khazaei S, Razavian H, Vali A, Ziaei F. Electronic apex locator: A comprehensive literature review-Part I: Different
generations, comparison with other techniques and different usages. Dent Hypotheses. 2014; 5(2):84-97.

Razavian H, et al. Electronic apex locator: a comprehensive literature review--Part II: effect of different clinical and technical
conditions on electronic apex locator's accuracy. Dent Hypotheses. 2014; 5(4):133.

de Gregorio C, Estevez R, Cisneros R, Paranjpe A, Cohenca N. Efficacy of different irrigation and activation systems on the
penetration of sodium hypochlorite into simulated lateral canals and up to working length: an in vitro study. J Endod. 2010;
36(7):1216-1221.

Kim E, Marmo M, Lee CY, Oh NS, Kim IK. An in vivo comparison of working length determination by only root-ZX apex locator
versus combining root-ZX apex locator with radiographs using a new impression technique. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2008; 105(4):679-e83.

Sahni A, Kapoor R, Gandhi K, Kumar D, Datta G, Malhotra R. A Comparative Evaluation of Efficacy of Electronic Apex Locator,
Digital Radiography, and Conventional Radiographic Method for Root Canal Working Length Determination in Primary Teeth:
An In Vitro Study. Int J Clin Pediatr Dent. 2020; 13(5):523-528.

Kashwani R, Nirankari K, Kasana J, Choudhary P, Ranwa K. Assessing Knowledge, Attitudes, and Practices of Augmented Reality
Technology in Dentistry: A Cross- Sectional Survey. Oral Sphere J Dent Health Sci. 2025; 1(1):1-10.

DOI: 10.35629/076X-12021219 www.questjournals.org 18 | Page



ENDO Al: A Novel Artificial Intelligence Framework for Predicting Treatment Outcomes ..

[40].
[41].
[42].
[43].

[44].

Kashwani R, Sawhney H. Dentistry and metaverse: A deep dive into potential of blockchain, NFTs, and crypto in healthcare. Int
Dent J Stud Res. 2023; 11(3):94-98.

Kashwani Ritik, et al. Future of Dental Care: Integrating Al, Metaverse, AR/VR, Teledentistry, CAD &amp; 3D Printing,
Blockchain And Crispr Innovations. Community Pract. 2024; 21(6):123-137.

Kashwani R, Jose AT, Gambhir S, Virk S, Roy S. The role of the metaverse in revolutionizing dental practice: Implications across
all departments. International Dental Journal of Student’s Research 2024; 12(3):157-160

Kashwani R, Kulkarni V, Salam S, et al. Virtual vs augmented reality in the field of dentistry. Community Practitioner. 2024;
21(3):597-603.

Sawhney H, Bhargava D, Kashwani R, Mishra R. Artificial intelligence as a tool for improving oral cancer outcomes. Arch Dent
Res. 2023; 13(1):15-19.

DOI: 10.35629/076X-12021219 www.questjournals.org 19 | Page



