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Artificial intelligence (AI) is transforming prosthodontic treatment planning by enhancing diagnostic accuracy, treatment precision, and patient-specific customisation. The study aims to review the artificial intelligence-driven approaches in prosthodontic treatment planning. By integrating large datasets from digital impressions, radiographs, CBCT scans, and functional assessments, AI facilitates comprehensive analysis, automated prosthesis design, predictive outcome modelling, and real-time monitoring. Deep learning models, including convolutional neural networks (CNNs) and generative algorithms, improve image-based diagnostics, margin detection, occlusal analysis, and personalised prosthetic fabrication through CAD/CAM workflows. AI also optimises implant planning, surgical simulation, and risk assessment, increasing procedural accuracy and long-term success rates. While AI reduces human error, standardises decision-making, and streamlines clinical workflows, challenges such as high implementation costs, data limitations, ethical considerations, clinician acceptance, and regulatory hurdles remain. Future integration with augmented and virtual reality, continuous learning systems, and fully automated treatment planning holds promise for highly precise, efficient, and patient-centred prosthodontic care. Ultimately, AI paves the way for fully automated, predictive, and highly personalized prosthodontic workflows in the future.
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Introduction
Prosthodontics, a specialised branch of dentistry, focuses on restoring and maintaining oral function, aesthetics, and patient comfort through prosthetic replacements such as crowns, bridges, dentures, and implants. It is a vital branch of dentistry focused on enhancing oral function, smile esthetics, and nutritional intake by replacing missing teeth with prostheses that mimic natural teeth. The increasing need for prosthodontic services is impacted by factors other than just a population that is getting older (Alyami, 2024; Aldhahri et al., 2021). The primary goals of prosthodontic treatment planning include accurately diagnosing oral conditions, setting achievable treatment objectives, designing procedures that restore both function and appearance, and ensuring patient satisfaction while promoting long-term oral health.1 Achieving these goals is often challenging due to the diversity of patient oral conditions, structural deficiencies like post-extraction bone loss, systemic health considerations, technical complexities in obtaining precise impressions and occlusion, and practical constraints related to time and cost.2 Accurate treatment planning is therefore essential for predictable, efficient, and satisfactory outcomes, requiring comprehensive evaluation through clinical examination, diagnostic imaging, and study models, often in collaboration with other dental specialities such as periodontics, surgery, and orthodontics.3 In recent years, artificial intelligence (AI) has begun to transform prosthodontic treatment planning by leveraging large datasets including intraoral scans, radiographs, patient histories, and functional assessments to create detailed digital profiles that inform precise, personalised, and efficient treatment decisions. Although dental technology is improving, it is still behind medical technology. In conventional treatment, standardised digital dental methods are used. The desktop design and CAD/CAM fabrication became standard in healthcare and labs. An AI application is a new concept that is starting to emerge as dental digitisation advances. AI provides cutting-edge decision-supporting technologies in the discipline of prosthodontics (Alshadidi et al., 2023; Samaranayake et al., 2024).  Through advanced pattern recognition and predictive analytics, AI facilitates the design of crowns, bridges, dentures, and implants optimised for function, aesthetics, and long-term stability, while simulating outcomes to identify the most suitable treatment strategies. AI applications encompass diagnosis and assessment using 3D imaging and integrated patient data, automated prosthesis reconstruction and customisation, prediction of treatment outcomes such as implant success or occlusal complications, workflow optimisation to reduce chair time and labour costs, and real-time monitoring to adjust treatment plans dynamically, enhancing restoration longevity.4 The integration of AI into clinical workflows enables the collection and analysis of digital impressions, radiographs, and functional data, the simulation of multiple treatment scenarios, the generation of personalised prosthetic recommendations, and continuous monitoring of progress with automated alerts.5 By enhancing precision, reducing human error, personalising prosthesis design, improving efficiency, predicting long-term outcomes, and minimising adjustments and remakes, AI is rapidly advancing prosthodontics, making treatment planning more predictable, patient-specific, and streamlined, ultimately benefiting both clinicians and patients with improved functional and aesthetic outcomes.6
[image: ]
Figure 1: AI-powered predictive treatment planning
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Figure 2: Data Collection and Integration

Artificial Intelligence Models and Techniques in Prosthodontic Treatment Planning
Artificial intelligence (AI) works by first collecting and organising large amounts of data. It processes this data using algorithms that detect patterns and learn from these patterns. Based on this learning, AI makes predictions, classifications, or decisions. The system continuously improves by adjusting based on feedback and new data. Overall, AI mimics human cognitive functions like learning and problem-solving to automate complex tasks efficiently. In prosthodontics, a variety of artificial intelligence models and techniques are employed to improve diagnosis, treatment planning, prosthesis design, and outcome prediction. Machine learning algorithms, including decision trees, support vector machines (SVM), and random forests, analyse large datasets of clinical records, imaging, and functional data to identify patterns, classify dental conditions, and guide treatment decisions, for instance, classifying edentulous arches for removable partial dentures and selecting appropriate prosthetic designs.7 Deep learning models, particularly convolutional neural networks (CNNs), are widely applied to image-based diagnostics, such as detecting caries, periodontally compromised teeth, prosthetic restorations on radiographs, and dental arch classification, achieving high accuracy in automated margin detection and occlusal design for crowns and bridges. Recurrent neural networks (RNNs), though less common, are used for sequential or time-series data to monitor treatment progress and simulate dynamic occlusal changes.8 Generative AI models, often integrated with CAD/CAM workflows, autonomously create patient-specific prosthesis designs, optimising crown morphology, emergence profiles, and denture frameworks by learning from extensive anatomical and clinical datasets, thereby improving fit, aesthetics, and functional outcomes.9 Comparative studies demonstrate that AI-assisted approaches outperform conventional methods by reducing human error, enhancing precision (with margin detection accuracy up to ~97.4%), improving diagnostic reliability, and providing superior repeatability and time efficiency in CAD/CAM workflows, while predictive analytics offer more accurate long-term prognoses than traditional clinical judgment 10 
[image: ]
[image: ]
Figure 3: Treatment Plan Optimization
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Figure 4 : AI-Based Virtual Articulation and Occlusion Analysis and Preoperative

AI-Enhanced Diagnosis and Case Assessment in Prosthodontics
Artificial intelligence has revolutionised diagnosis and case assessment in prosthodontics by improving the precision and efficiency of radiographic interpretation and occlusal analysis. AI-powered algorithms, particularly convolutional neural networks (CNNs), are highly effective in automatically segmenting and analysing dental structures from three-dimensional CBCT and two-dimensional panoramic images, accurately identifying anatomical landmarks, teeth, jaw contours, bone levels, and pathological changes such as periapical lesions, fractures, and bone resorption.11 Studies have shown that AI-assisted systems achieve superior diagnostic performance, with reported sensitivity of around 85% and specificity up to 97% in real-time CBCT interpretation, while significantly reducing diagnosis time through automated dental charting and pathology detection.12 Similarly, AI applied to panoramic radiographs can quantify alveolar bone loss, identify the cemento-enamel junction, and assess bone levels with accuracy reaching 98%, providing a reliable foundation for periodontal and prosthodontic prognosis. Beyond imaging, AI models autonomously detect edentulous areas, evaluate the extent of bone resorption, and analyse jaw morphology factors essential for implant planning and prosthesis adaptation, thus minimising operator variability and ensuring consistent, reproducible evaluations.13 Emerging applications of AI in occlusal analysis leverage biomechanical data and occlusal scans to assess functional contacts and predict bite forces, with machine learning algorithms integrating spatial and sequential data to simulate stress distribution, balance occlusal loads, and optimise prosthesis design to prevent uneven wear or implant failure.14 
AI-Powered Predictive Treatment Planning in Prosthodontics
AI-powered predictive treatment planning represents a transformative advancement in prosthodontics, integrating artificial intelligence and machine learning algorithms to enhance diagnostic accuracy, treatment precision, and patient-specific customisation. By analysing extensive datasets derived from digital impressions, radiographic imaging, patient records, and functional occlusal data, AI systems create comprehensive digital profiles that enable precise diagnosis and highly tailored treatment planning. Digital impressions from intraoral scanners, combined with clinical histories and radiographic inputs such as CBCT and panoramic images, allow AI to assess bone structure, implant sites, and occlusal dynamics with remarkable accuracy.15 Once patient data is integrated, AI applies predictive analytics to identify the most effective prosthodontic solutions, whether crowns, bridges, dentures, or implants, based on anatomical, functional, and aesthetic considerations. It simulates multiple treatment scenarios to evaluate feasibility, cost-effectiveness, and long-term stability, offering clinicians data-driven recommendations optimised for each individual. 
Predictive outcome modelling further strengthens this process by simulating how restorations will perform over time, estimating success rates, and monitoring potential complications such as implant failure, occlusal imbalance, or bone resorption.16 Advanced AI systems extend these capabilities through virtual articulation and occlusal analysis, simulating bite dynamics and jaw movements to ensure optimal load distribution and prevent post-restoration discomfort or mechanical failure. In prosthesis design, AI employs aesthetic simulation tools and generative modelling within CAD/CAM workflows to create custom abutments, crowns, and dentures that harmonise with facial features and occlusal relationships, achieving superior functional and aesthetic integration.17 Real-time monitoring further enhances treatment predictability, as AI continuously tracks patient progress, detects deviations from expected outcomes, and provides automated feedback or alerts for timely intervention18
AI-Driven Prosthetic Design and CAD/CAM Integration in Prosthodontics
Artificial intelligence plays a transformative role in prosthetic design and its integration with CAD/CAM workflows, revolutionising precision, efficiency, and customisation in prosthodontics. AI-assisted digital impressions and model generation enable the creation of highly accurate three-dimensional virtual models of a patient’s dentition and surrounding tissues from intraoral scans.19 These digital models serve as the foundation for designing customised prostheses that replicate natural oral anatomy and occlusal relationships with exceptional precision. Through automated margin detection and tooth preparation labelling, AI significantly minimises human error, achieving accuracy rates of approximately 97%. A notable example includes the use of AI software to personalise complete dentures for patients with severe alveolar bone resorption, where traditional methods often fall short due to anatomical changes.20 By analysing thousands of digital profiles, the AI system predicts optimal denture morphology tailored to the patient’s specific contours, resulting in superior fit, comfort, and functionality. Beyond design, AI also aids in predicting the most suitable prosthesis type, fixed, removable, or implant-supported, by analysing clinical, anatomical, and patient-specific parameters such as bone density, edentulous span, occlusion, and individual preferences.21
Machine learning algorithms process these variables to recommend personalised treatment options that enhance both clinical outcomes and patient satisfaction. The integration of AI with CAD/CAM workflows further advances prosthetic fabrication, where AI-powered CAD software automates the design of crowns, bridges, dentures, and implant restorations, refining occlusal morphology, emergence profiles, and aesthetics. It ensures precise margin and contour detection, reducing errors that could affect fit and periodontal health.22 Concurrently, AI-enhanced CAM systems improve the accuracy of milling and 3D printing, minimise material waste, and reduce turnaround times through automated quality control during additive or subtractive manufacturing processes. 23
[image: ]
Figure 5: AI-Driven Predictive Models in Implant Placement
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Figure 6: AI for Predicting Occlusal Outcomes in Restorative Cases
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Figure 7: Dentemetrics AI Software
AI in Implant Planning and Surgery Simulation in Prosthodontics
Artificial intelligence has emerged as a transformative tool in implant planning and surgical simulation, significantly enhancing precision, efficiency, and risk assessment through advanced imaging analysis and predictive modelling. AI-driven systems, particularly those utilising deep learning architectures such as convolutional neural networks (CNNs) and transformer models, analyse cone-beam computed tomography (CBCT) scans to accurately predict optimal implant positions and angulations by evaluating bone volume, morphology, and anatomical landmarks.24 These models achieve implant detection and position prediction accuracies ranging from 67% to as high as 98.5%, often outperforming clinicians in consistency and precision. By integrating 2D and 3D imaging data, AI enables comprehensive surgical planning that improves implant stability and long-term success. In virtual surgery simulation, AI-powered 3D planning software generates patient-specific virtual surgical guides that translate digital plans into precise intraoperative placement.25 These guides, rapidly produced from AI-analysed CBCT data, minimise human error during drilling and insertion, streamline surgical workflow, and allow clinicians to anticipate anatomical challenges before the procedure. 
Moreover, AI facilitates virtual simulations that help refine surgical protocols and ensure optimal outcomes.26 Beyond procedural guidance, AI-based predictive models play a crucial role in risk assessment by analysing parameters such as bone density, cortical thickness, and anatomical variations to forecast implant success with accuracies approaching 87%. These models identify potential complications and failure risks, enabling clinicians to modify treatment plans proactively.27 Evidence supports that AI-assisted implant planning improves implant survival rates reported as high as 92% and reduces postoperative complications compared to traditional manual methods. For instance, a 2021 study published in the Journal of Prosthodontics demonstrated that AI models analysing over 500 cases predicted ideal implant size, angulation, and position with superior accuracy, leading to enhanced osseointegration and long-term stability.28 
Advances of AI in Partial, Cast Partial, and Complete Denture Design
Artificial intelligence (AI) is driving substantial advancements in the design and fabrication of partial, cast partial, and complete dentures by enhancing accuracy, customisation, and clinical outcomes. In partial and cast partial dentures, AI autonomously suggests optimal framework designs by analysing edentulous spaces and dental arch classifications, achieving high accuracy rates of up to 99.5% in the maxilla and 97.5% in the mandible. AI models can also evaluate biomechanical stresses on adjacent teeth and supporting structures, optimising prosthesis stability and longevity.9 Additionally, AI assists less experienced clinicians by recommending prosthetic options based on individual patient data, while machine learning and convolutional neural networks (CNNs) improve classification of dental arch types and edentulous patterns, streamlining partial denture planning and design. For complete dentures, AI enhances digital workflows through precise intraoral scans, occlusal scheme design, and functional outcome simulation, incorporating facial and biomechanical analysis to improve fit, comfort, esthetics, and adaptability. Across all denture types, AI integration with CAD/CAM technologies improves precision, reduces human error, shortens treatment time, and ensures highly personalised prostheses tailored to patient-specific anatomical and functional requirements, ultimately improving both clinician efficiency and patient satisfaction.16

Sources and Mitigation of Errors in AI Applications in Prosthodontics
Errors in AI applications within prosthodontics primarily stem from algorithmic limitations, data quality issues, and misinterpretation of clinical context. Common sources include false positives and negatives, where AI may incorrectly identify normal anatomical variations or imaging artefacts as pathology, or fail to detect subtle lesions, particularly when trained on limited or biased datasets, for instance, misclassifying a fissure sealant artefact as caries, potentially leading to unnecessary interventions.8 Algorithmic bias and model constraints can reduce generalizability across diverse patient populations, resulting in misclassifications due to anatomical or imaging variability.3 Automation bias is another concern, as over-reliance on AI outputs may lead clinicians to overlook critical clinical judgment. Technical and integration issues, such as errors during image acquisition, data processing, or CAD/CAM workflows, can compromise prosthesis design or implant placement. Additionally, interpretability and transparency challenges may reduce clinician trust and hinder the identification of AI errors. To mitigate these risks, AI should serve as a supportive adjunct to expert clinical evaluation, utilising well-validated, diverse datasets, continuous performance monitoring, and clear communication of its limitations.16
Table 1. Applications of Artificial Intelligence Models in Prosthodontics
	AI Model
	Applications in Prosthodontics

	Machine Learning (Decision Trees, SVM, Random Forests)
	· Classification of edentulous arches
· Treatment planning support
· Prosthesis selection based on clinical/functional data

	Convolutional Neural Networks (CNNs)
	· Radiographic analysis (CBCT, panoramic)
· Margin detection for crowns and bridges
· Occlusal mapping and prosthesis design

	Recurrent Neural Networks (RNNs)
	· Time-series or sequential clinical data
· Monitoring treatment progress
· Simulating dynamic occlusal changes

	Generative AI (e.g., GANs integrated with CAD/CAM)
	· Autonomous prosthesis design
· Customised crown, bridge, and denture morphology
· Virtual smile design

	Transformers / Hybrid Deep Learning Models
	· 3D implant planning
· Predictive outcome modelling
· Surgical simulation


Common AI models in dentistry include machine learning algorithms, convolutional neural networks (CNNs), recurrent neural networks (RNNs), and generative AI, used for diagnostics, treatment planning, and prosthetic design. Med Pharm models are domain-specific, fine-tuned for drug discovery, pharmaceutical records, and therapeutics, while Med LM or medical large language models (like those used by Google, OpenAI, or specialised startups) are trained for broad, multitask clinical knowledge, patient care, and research assistance. Currently, CNNs dominate image-based tasks, while generative AI integrates with CAD/CAM for personalised prosthesis fabrication.
Advantages and Limitations of Artificial Intelligence in Prosthodontic Planning
Artificial intelligence (AI) has emerged as a transformative force in prosthodontic treatment planning, offering remarkable improvements in diagnostic accuracy, workflow efficiency, and patient-specific customisation. By analysing extensive datasets, 3D intraoral scans, and CBCT images, AI enhances precision in detecting dental structures, anatomical variations, and potential pathologies, thereby minimising human error and inter-operator inconsistencies. Its ability to standardise diagnostic interpretations and treatment decisions significantly reduces clinician-dependent variability, promoting consistent and reproducible outcomes regardless of practitioner experience.29 Furthermore, AI enables enhanced personalisation in prosthetic rehabilitation by integrating multiple patient-specific parameters such as oral anatomy, occlusal relationships, facial proportions, ethnicity, and functional biomechanics to design prostheses that ensure optimal fit, comfort, and aesthetics. The integration of AI with CAD/CAM systems and digital design platforms automates critical stages of prosthetic fabrication, including margin detection, virtual articulation, contouring, and model generation, resulting in reduced laboratory turnaround times, shortened chairside procedures, and improved overall treatment efficiency. 
However, despite its evident benefits, AI integration in prosthodontics presents several limitations and challenges.30 The high initial cost of implementation, encompassing specialised hardware, proprietary software, and clinician training, poses a financial barrier for smaller dental practices and institutions. Additionally, many AI systems are developed using restricted or region-specific datasets, which may introduce bias and affect generalizability across diverse patient populations, underscoring the urgent need for large, well-validated, and demographically varied databases. The lack of standardised guidelines and the evolving regulatory landscape further hinder the seamless integration of AI into mainstream prosthodontic workflows 30 
Conclusion
Artificial intelligence holds great potential to revolutionise prosthodontic treatment planning by improving precision, efficiency, and patient-centred care. Integration with augmented and virtual reality can enhance surgical planning and visualisation, while AI-driven communication tools support informed consent and patient engagement. Artificial intelligence enhances partial, cast partial, and complete denture planning by improving design accuracy, customisation, and functional outcomes. Integrated with CAD/CAM workflows, AI streamlines digital fabrication, reduces errors, and increases patient-specific precision and satisfaction. Continuous learning systems enable outcome-based recommendations, refining treatment over time. Ultimately, AI paves the way for fully automated, predictive, and highly personalised prosthodontic workflows in the future.
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