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ABSTRACT 

The integration of Artificial Intelligence (AI) in prosthodontics is revolutionizing 

the field, ushering in a new era of precision, efficiency, and patient-centered care. 

By leveraging advanced technologies such as machine learning, computer vision, 

and deep learning, AI is transforming key aspects of prosthodontics, from 

diagnosis and treatment planning to prosthetic design and fabrication. AI-driven 

tools, including digital impressions, virtual prosthetic design, and personalized 

treatment plans, are not only enhancing the accuracy and precision of procedures 

but also significantly improving workflow efficiency. Beyond clinical practice, 

AI is spurring innovations in the development of sophisticated prosthetic 

materials and mechanisms, contributing to prostheses that offer improved 

functionality, enhanced aesthetics, and greater patient comfort. These 

advancements promise to elevate the quality of care, creating prosthetic solutions 

that are more customized and seamlessly integrated with patients' natural 

anatomy. However, the successful integration of AI into prosthodontics is not 

without challenges. Issues related to data security, ethical considerations, and the 

need for robust clinician training is pivotal to ensuring AI’s effective and 

responsible use in clinical settings. Addressing these concerns will be essential 

for AI to reach its full potential. This review highlights the current and future 

applications of AI in prosthodontics, emphasizing its transformative impact on 

the field. As AI continues to advance, it holds the potential to redefine dental 

care, making it more personalized, efficient, and effective. The promise of AI in 

prosthodontics signals a paradigm shift, where cutting-edge technology enhances 

both the quality of care and the patient experience.. 
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Introduction: 

Humans have developed AI as a groundbreaking tool designed to replicate human behavior, 

fundamentally shaping our experiences and capabilities. Coined by mathematician John 

McCarthy in 1955, AI emerged from the foundational concept conceived in 1943, with its name 

officially adopted during a pivotal conference in 1956 [1]. The original goal was to create 

machines capable of performing human tasks, and today, AI encompasses programs designed to 

think logically and perform cognitive functions, mimicking the human mind [2]. In the medical 

and dental fields, Machine Learning (ML) and Deep Learning (DL) have surpassed traditional 

manual methods, becoming essential pillars of AI [3]. ML harnesses computational power to 

enhance cognitive abilities by developing algorithms and statistical models, trained on large 

datasets to identify patterns and make predictions [4]. DL, an advanced subset of ML, leverages 

artificial neural networks (ANNs) to replicate the brain’s intricate learning process [5]. These 

networks, trained with extensive datasets, offer increased precision, with the ANN structure 

consisting of interconnected "neurons" organized in layers. The depth of DL refers to ANNs with 

multiple hidden layers, enhancing learning and decision-making. One of the most powerful 

applications of DL is the use of Convolutional Neural Networks (CNNs), specialized ANNs that 

are transforming the fields of medicine and dentistry [6]. CNNs, featuring sub sampling layers 

and fully connected layers, mimic the human visual cortex, enabling them to accurately detect 

oral pathologies. This capability is crucial in dentistry, particularly in prosthodontics, where 

accurate detection and diagnosis are necessary before the placement of prostheses [7]. While AI 

integration in prosthodontics remains limited due to the complexity of diagnostic procedures and 

personalized treatment plans, recent research by Bernauer et al. suggests significant 

breakthroughs on the horizon, including automated diagnostics, predictive tools, and 

categorization systems that will reshape the field [8]. AI not only enhances efficiency but also 

reduces costs by offering customized, proactive, and forward-thinking dental treatments, 

ultimately improving patient care and outcomes. By utilizing hardware and software systems, AI 

mimics human cognitive functions while being entirely human-created [9]. Its reliance on vast 

datasets is a key factor in its effectiveness, with larger datasets leading to more refined and 

accurate decision-making [10]. In dentistry, where large volumes of data are processed, AI is 

revolutionizing the landscape. It is transforming diagnosis, treatment planning, decision-making, 

and predictions [11]. AI's precision in diagnosing dental conditions has led to remarkable 

improvements in patient care. In prosthodontics, AI is driving innovative advancements, from 

the design and fabrication of both removable and fixed prostheses to refining finish lines, 

selecting shades, designing implants, and stabilizing jaw relationships [12]. As AI continues to 

evolve, it plays an increasingly vital role in developing comprehensive, personalized treatment 

plans, fundamentally enhancing the practice of prosthodontics and transforming the future of 

dental care. It is driving innovation in prosthesis design, fabrication, and treatment planning, 

advancing the design and fabrication of both removable and fixed prostheses [Figure 1]. AI is 

improving finish lines, selecting shades, designing implants and maxillofacial prostheses, 

stabilizing jaw relationships, and developing comprehensive treatment plans [13]. 
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                 Figure 1: Advancements in prosthesis fabrication and design 

Traditionally, prosthodontics relied on human expertise and manual techniques for diagnosis, 

planning, and fabrication. However, the integration of AI has elevated these processes to new 

heights, drastically improving accuracy, precision, and consistency, leading to superior clinical 

outcomes [14]. As more dental practices, educational institutions, and laboratories embrace 

three-dimensional (3D) digitalized dentistry, AI has become an indispensable tool in shaping the 

future of the field. With the relentless evolution of digital dentistry, AI's influence will only 

continue to expand, driving further advancements and reshaping the way dental care is delivered. 

The potential of AI in prosthodontics is immense, yet there remain challenges to address. 

Exploring both its transformative capabilities and current limitations is crucial, as its ongoing 

development promises to redefine the standard of care and enhance patient outcomes in 

unprecedented ways. This review highlights the transformative role of AI in the field of 

prosthodontics, focusing on its impact on diagnosis, treatment planning, and personalized care. 

As AI continues to advance, it is revolutionizing the way dental professionals approach patient 

care, particularly in the design and delivery of prosthetic solutions [15]. 

Research Methodology 

Research Design 

In order to investigate the application of AI in prosthodontics, especially its influence on 

diagnosis, treatment planning, and prosthetic design, this study employs an approach known as 

systematic review.  

 

We decided to go with a systematic review methodology because it offers a full synthesis of a 

number of different research projects. This makes it possible to gain a comprehensive grasp of 

the existing uses of AI in prosthodontics as well as its potential for the future. This research 
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endeavors to evaluate the accomplishments, problems, and trends that are associated with the 

incorporation of AI into the area of dentistry by conducting a comprehensive review of the 

available literature. It makes it possible to conduct an in-depth investigation of the ways in which 

AI technologies are influencing prosthodontic procedures and the ramifications that these shifts 

have for both practitioners and patients. 

Data Collection 

Data will be collected from online databases such as PubMed, Scopus, and IEEE Xplore, as well 

as journals that have been subjected to peer review. These studies will be included if they were 

published during the previous ten years (2014–2024) and focused on the uses of artificial 

intelligence in prosthodontics. Studies that were not directly connected to the use of AI in dental 

care will be eliminated. There will be a search that is organized and will be done using terms 

such as "artificial intelligence in prosthodontics," "machine learning in dental care," and "digital 

prosthetic design." Both qualitative and quantitative research will be considered for inclusion in 

the search, although it will be restricted to studies conducted in the English language. 

Data Extraction 

A specialized extraction form will be used to record information such as the features of the 

research, uses of AI, and important outcomes such as gains in accuracy and efficiency. A third 

reviewer will be responsible for resolving any inconsistencies that arise from the simultaneous 

extraction of data by two reviewers. 

Data Analysis 

Quantitative data will be analyzed using descriptive statistics and meta-analysis, while 

qualitative analysis will be used to find common themes. The purpose of this investigation is to 

determine how useful AI is in prosthodontics. 

Inclusion Criteria: 

AI Applications in Prosthodontics: The purpose of these studies is to investigate the application 

of AI in prosthodontics, namely in the areas of diagnosis, treatment planning, and prosthesis 

design. 

Study Design: original research papers, clinical trials, systematic reviews, or meta-analyses that 

have been published within the past ten years (2014–2024) and go through the process of peer 

review. 

Language: Studies published in English 

Technology focus: research that investigates AI-driven technologies in prosthodontics, including 

machine learning, deep learning, digital impressions, virtual prosthesis design, and other similar 

technologies. 

Outcome measures: Studies that report on the effectiveness, accuracy, efficiency, or patient 

outcomes related to AI in prosthodontics. 

Exclusion Criteria: 

Non-relevant studies: Articles that do not directly address the uses of AI in prosthodontics or that 

focus on topics that are not linked to prosthodontics. 

Poor quality studies: Studies that do not contain control groups, studies that do not satisfy the 

norms for ethical research, and studies that have a procedure that is not evident are all examples 

of inappropriate research. 

Non-clinical studies: Studies that concentrate on fundamental science or research conducted on 

animals and do not have any direct consequences for human prosthodontic services. 

Non-peer-reviewed sources: Absent from consideration are conference abstracts, opinion 

articles, and periodicals that are not subjected to peer review. 
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Language: Studies not published in English will be excluded. 

Limitations 

Among the limitations include the possibility of publication bias, the exclusion of research 

conducted in languages other than English, and the dependence on observational and non-

randomized studies, which may restrict the generalizability of the findings. Excluding studies 

published in languages other than English may result in the omission of relevant research in 

other languages. Furthermore, the inclusion of observational studies, case reports, and non-

randomized research may restrict the capacity to generalize the results. This is because these 

types of studies frequently do not possess the same level of scientific rigour as randomized 

controlled trials. In spite of these constraints, the review will make an effort to present a 

perspective that is both objective and informative on the application of AI in prosthodontics. 

PRISMA flowchart of study is shown in [Figure 2]: 

 
 

Figure 2: Prisma flowchart 
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Discussion:  

AI is transforming the field of prosthodontics, significantly enhancing key aspects such as 

diagnosis, treatment planning, and prosthetic design. By offering personalized, precise care, AI 

optimizes workflows, reduces costs, and elevates patient outcomes [16]. AI leverages large 

datasets, including 3 dimensional (3D) scans, medical imaging, and patient histories, to improve 

diagnostic accuracy. This allows early identification of common dental conditions like cavities, 

bone loss, and misalignment, enabling dental professionals to implement proactive care and 

treatment plans more effectively [17].A major advancement in prosthodontics through AI is seen 

in computer aided design and computer aided manufacturing (CAD/CAM) systems, which 

design and manufacture dental prostheses such as crowns, bridges, dentures, and implants. AI 

enhances these systems by considering individual factors such as facial structure, skin tone, and 

oral anatomy; ensuring prostheses are not only a precise fit but also aesthetically pleasing. This 

results in better comfort, function, and appearance, contributing to high-quality restorations for 

patients [18]. 

 

 

In implantology, AI plays a critical role in improving implant procedures by optimizing the 

selection and placement of implants. Traditionally, these decisions relied on clinician experience, 

but AI now uses patient-specific data, including bone structure and density, to determine the best 

implant options and placement positions. This leads to more precise procedures, a lower risk of 

complications, and better long-term success rates, resulting in faster recovery and fewer post-

surgical problems [19]. Maxillofacial prosthetics has also benefited from AI. It enables the 

creation of highly customized, lifelike prostheses for patients recovering from trauma, disease, or 

congenital conditions. These AI-powered prosthetics not only restore appearance but also 

provide functional benefits, helping patients regain normal daily activities. For patients requiring 

facial prosthetics (e.g., eyes, ears, or noses), AI offers precision and realism, boosting confidence 

and improving their quality of life [20].In smile design, AI assists in crafting personalized smiles 

that balance aesthetics and functionality. AI analyzes facial features, dental anatomy, and patient 

preferences to simulate and design smiles that align with the patient’s unique characteristics. 

This technology ensures that the prosthetic smile is not only visually appealing but also supports 

essential functions like chewing and speaking, greatly enhancing patient satisfaction [21]. AI 

also plays a crucial role in treatment planning and enhancing procedural precision through 

integration with 3D imaging technologies. By combining AI with 3D imaging, dental 

professionals gain highly detailed, 3D visualizations of a patient’s oral structures. This results in 

more accurate diagnoses and effective treatment planning. For example, AI can predict the ideal 

position for implant placement based on bone density and anatomical features, reducing errors 

and improving treatment outcomes. Additionally, AI helps ensure that prostheses fit perfectly, 

enhancing overall treatment success and minimizing the need for adjustments or remakes. AI’s 

influence extends to the manufacturing process of dental prostheses, making it more efficient and 

precise. Traditionally, prosthesis creation involved a lot of manual work, but AI-driven systems 

automate much of the design and production process. This increases accuracy, reduces human 

error, and shortens production timelines. AI also uses predictive analytics to select the best 

materials for each patient, ensuring durability and improving the longevity of the prostheses. 

These improvements allow patients to receive their prostheses more quickly and with greater 

satisfaction [22].Another key area where AI contributes is patient care. By analyzing patient 

data, AI helps dental professionals create customized treatment plans tailored to each 
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individual’s needs and preferences. This leads to more effective treatments and better patient 

outcomes. Moreover, AI enhances communication with patients through virtual assistants, which 

can assist with scheduling, follow-up care, and answering questions.  

This fosters stronger patient engagement and ensures patients are well-informed and comfortable 

throughout their treatment journey.In the realm of education and research, AI is shaping the 

future of prosthodontics. AI-powered simulations offer dental students the opportunity to 

practice prosthodontic procedures in a risk-free virtual environment. This hands-on experience 

allows for skill refinement before interacting with real patients. AI also supports research by 

analyzing large datasets, helping identify patterns, improve treatment protocols, and innovate 

new prosthetic designs. This data-driven approach ensures that prosthodontics remains at the 

forefront of technological advancement and clinical practice [23].Ultimately, AI has made 

profound contributions to the field of prosthodontics, improving diagnostic accuracy, 

streamlining workflows, personalizing care, and enhancing the design and manufacturing of 

prosthetics. By providing more precise and individualized treatment plans, optimizing implant 

procedures, and aiding in the creation of custom prostheses, AI has significantly improved the 

patient experience. As AI continues to evolve, its influence in dental care will only grow, paving 

the way for more efficient, cost-effective, and patient-centered prosthodontic treatments [24]. 

[Table 1] summarizes key studies and their findings on AI's role in various aspects of 

prosthodontics, emphasizing its impact on diagnosis, treatment planning, prosthetic design, 

implantology, smile design, 3D imaging, prosthesis manufacturing, predictive analytics, 

education, and ethical considerations. 

Table 1: Key Studies on AI in Prosthodontics 

Category 
 

Study 

/Source 
 

Key Findings 
 

Impact on 

Prosthodontics 
 

AI in 

diagnosis and 

imaging 
 

    Shah et al., 2021 [25] 
 

AI algorithms 

improve the 

accuracy of digital 

radiographs and 

CBCT scans, 

identifying 

conditions like 

cavities and bone 

loss. 
 

Enhances 

diagnostic 

accuracy, enabling 

early detection of 

issues that could 

affect 

prosthodontic 

planning, reducing 

treatment 

complications. 
 

AI in 

treatment 

planning 
 

 Johnson et al., 2020 [26] 
 

AI-driven 

treatment 

algorithms 

optimize patient-

specific treatment 

pathways by 

analyzing clinical 

data and historical 

outcomes. 
 

Provides a more 

tailored approach 

to treatment 

planning, 

improving 

predictability and 

efficiency in 

prosthodontic 

procedures, 
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reducing time and 

cost. 
 

AI in 

prosthetic 

design 
 

 Yeslam et al., 2024 [27] 
 

Integration of AI 

with CAD/CAM 

systems enables 

precision in 

designing custom 

prostheses, 

considering facial 

proportions and 

aesthetics. 
 

Enhances 

prosthesis fit and 

aesthetics, 

minimizing human 

error and 

improving patient 

satisfaction through 

better design and 

material selection. 
 

AI in 

implantology 
 

Macri et al., 2024 [28] 
 

AI assists in 

selecting the ideal 

implant size and 

positioning by 

analyzing 3D 

imaging data and 

bone structure. 
 

Increases implant 

placement 

accuracy, reduce 

surgical 

complications, and 

improve long-term 

success rates. 
 

AI in smile 

design 
 

 Dhopte et al., 2023 [29] 
 

AI analyzes facial 

features and dental 

anatomy to design 

smiles that align 

with patient 

preferences and 

facial harmony. 
 

Improves aesthetic 

outcomes by 

creating 

personalized smile 

designs that 

enhance natural 

appearance and 

functionality. 
 

AI and 3D 

imaging 
 

 Hung et al., 2020 [30] 
 

Combining AI with 

3D imaging allows 

for precise 

planning and 

visualization of 

dental restorations 

like crowns and 

bridges. 
 

Ensures optimal fit 

and function of 

prostheses by 

providing detailed 

visualizations of 

oral structures, 

enhancing the 

accuracy of 

restorative 

treatments. 
 

AI in 

prosthesis 

manufacturing 
 

Liu et al., 2022 [31] 

  

AI integration in 

CAD/CAM 

systems accelerates 

prosthesis 

manufacturing, 

Streamlines the 

manufacturing 

process, reduces 

human error, and 

shortens production 
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Limitations of AI: Although AI offers substantial benefits, it also presents several challenges 

that must be addressed. Ensuring data accuracy is critical—any mistakes in data collection or 

processing can result in incorrect outcomes, impacting the effectiveness of treatment. 

Furthermore, AI's reliance on computational resources creates accessibility challenges, as high-

ensuring higher 

precision and 

reducing material 

waste. 
 

timelines, leading 

to faster patient 

turnaround times 

and reduced costs 
 

Predictive 

analytics in 

prostheses 
 

Riccardi et al., 2020 [32] 
 

AI predicts the 

longevity of 

prostheses based 

on oral health 

habits, bone 

condition, and 

material 

performance. 
 

Extends the life of 

prostheses by 

enabling clinicians 

to choose optimal 

materials and 

designs, ensuring 

durability and 

reducing the need 

for frequent 

replacement 
 

AI for 

education and 

research 
 

 Holmes et al., 2022 [33] 

 

 

AI tools in 

education simulate 

prosthodontic 

procedures, 

improving the 

skillset of 

practitioners 

through virtual 

training platforms. 
 

Enhances the 

training of dental 

professionals by 

providing realistic 

simulations and 

real-time feedback, 

fostering more 

effective and 

hands-on learning 

experiences. 
 

Ethical and 

legal 

considerations 
 

 Lysaght et al., 2019 [34] 

 

  

Ethical concerns 

regarding data 

privacy, AI 

accuracy, and the 

clinician's role in 

decision-making 

remain significant. 

 

 

Highlights the 

importance of 

establishing ethical 

guidelines for AI 

adoption in 

prosthodontics, 

ensuring AI 

complements 

human expertise 

while safeguarding 

patient data and 

care quality. 
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performance systems are costly and not widely available. Interpreting AI-generated results can 

also be difficult, especially in complex cases, where errors in prosthodontics could lead to 

unfavorable outcomes.  

Ethical concerns such as patient confidentiality, informed consent, and fairness require careful 

consideration as AI continues to evolve in medical applications. While the potential of AI to 

revolutionize prosthodontics is vast, its implementation must be approached with caution, 

prioritizing patient safety, privacy, and ethical principles in the integration of AI into dental care 

systems [35]. 

Future prospects: 

AI holds transformative potential for the future of prosthodontics, reshaping diagnosis, treatment 

planning, and the creation of personalized prosthetic solutions. It promises enhanced precision, 

greater efficiency, and highly tailored patient care. However, its widespread integration requires 

careful attention to ethical considerations, data privacy, and the validation of clinical outcomes to 

ensure AI complements, rather than replaces, the human element in dental practice. AI must be a 

tool that amplifies the clinician’s expertise, not a replacement for it, and its adoption must be 

guided by strong ethical frameworks to maintain patient trust and safety [36]. 

Key prospects include: 

1. Automated prosthodontic procedures: AI could fully automate critical tasks like 

prosthesis design and manufacturing. Robotic systems guided by AI could handle tooth 

preparation, prosthesis fabrication, and implant placement, reducing human error, 

minimizing appointment frequency, and enhancing workflow efficiency. 

Example: AI-driven systems could autonomously design, create, and position prostheses, 

decreasing treatment times and improving overall accuracy. 

2. Predictive analytics for personalized treatment: AI’s ability to analyze a patient's 

genetic, lifestyle, and medical history will enable highly personalized treatment plans. By 

predicting treatment outcomes and potential complications, AI can help select optimal 

materials and procedures tailored to each patient. 

Example: AI could predict the long-term stability of dental implants, offering insights 

that guide treatment plans and follow-up care [37]. 

3. Advanced prosthetic design and customization: With AI integrated into CAD, CAM, 

and 3D printing, prostheses will be designed with an unparalleled level of 

personalization, considering both functional needs and aesthetic preferences to ensure a 

seamless fit with the patient's facial features. 

4. Example: AI could analyze facial expressions and smile dynamics to design prostheses 

that perfectly complement the patient's natural features. 

5. AI-enhanced implantology: AI will significantly improve implantology by analyzing 

3D scans to determine the best implant size, shape, and position, minimizing the risk of 

failure. AI-driven real-time monitoring during implant placement can also ensure optimal 

positioning. 

Example: AI could adjust parameters dynamically during the procedure to maintain 

proper alignment and reduce complications [38]. 

6. Robotic-assisted procedures: AI-powered robotic systems will make prosthodontic 

surgeries more precise and minimally invasive. These systems, guided by AI algorithms, 
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will reduce human error and enhance the accuracy of procedures such as implant 

placements. 

Example: AI-guided robotic arms could adjust implant parameters automatically in real 

time, optimizing placements with minimal intervention. 

7. Remote monitoring and tele-dentistry: AI's role in tele-dentistry and remote 

monitoring will grow, enabling wearables and platforms to track the condition of 

prostheses and detect issues such as misfitting before they escalate, reducing in-office 

visits. 

Example: AI could detect early misfitting of crowns or bridges, alerting the dentist to 

take action before complications arise. 

8. AI-driven patient education and communication: Virtual assistants and AI-powered 

chatbots will improve patient education by offering tailored guidance throughout their 

treatment journey. AI can provide 24/7 assistance with treatment details and post-care 

instructions, enhancing patient engagement and satisfaction. 

Example: AI could guide patients through recovery, ensuring they understand treatment 

steps and healing expectations. 

9. Early detection and preventive care: AI will play a key role in identifying early dental 

issues such as decay, gum disease, or even signs of oral cancer. By analyzing data from 

routine exams, AI can recommend preventive treatments that prevent the need for more 

extensive procedures. 

Example: AI could detect early tooth deterioration and recommend timely interventions 

like fluoride treatments to prevent further damage [39]. 

10. Ethical and regulatory considerations: The integration of AI into prosthodontics raises 

ethical concerns related to data privacy, patient consent, and fairness. It is crucial to 

establish regulatory frameworks that ensure AI is used safely and responsibly while 

preserving the clinician's role in patient care.  

Example: Clear guidelines must be set to ensure AI complements the clinician's 

expertise, enhancing care while preserving the essential human touch in patient treatment 

[40]. 

As AI continues to evolve, it holds the promise of revolutionizing prosthodontics by improving 

patient outcomes, enhancing procedural accuracy, and making dental care more efficient. 

However, its integration into clinical workflows must be guided by strong ethical principles and 

regulatory oversight to ensure AI is used in ways that enhance, rather than replace, the role of the 

clinician [41]. 

Conclusion:  

The future of AI in prosthodontics is incredibly promising, with the potential to revolutionize 

diagnosis, treatment planning, and the creation of customized prosthetic solutions. By enhancing 

precision, efficiency, and personalization, AI will enable prosthodontists to deliver more 

effective and patient-centered care, improving outcomes and streamlining dental practices. As 

technology advances, AI will continue to redefine the field, making treatments more 

personalized, efficient, and precise. However, to fully unlock AI's potential, it is crucial to 

address ethical concerns, regulatory challenges, and ensure its seamless integration into clinical 

workflows. This will guarantee that patient safety and care remain the top priorities while 

harnessing AI's transformative power in prosthodontics. 
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