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Abstract

Artificial Intelligence (Al) is rapidly transforming the field of dentistry, particularly
in fixed prosthodontics. With capabilities ranging from diagnosis and treatment
planning to digital impressions and prosthesis design, as well as outcome prediction,
Al enhances accuracy, efficiency, and patient satisfaction. This narrative review
explores the applications, benefits, challenges, and future potential of Al in fixed
prosthodontics, highlighting current technologies such as machine learning, neural
networks, and computer vision, and their integration with digital workflows,
including CAD/CAM and intraoral scanning. Despite its transformative promise, Al
adoption faces limitations related to data quality, clinical validation, and ethical
concerns. This review highlights the significance of education and regulatory
frameworks in facilitating the safe and effective deployment of Al in prosthodontic
practice.
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Introduction

Fixed prosthodontics has historically relied on manual dexterity, clinician expertise, and
mechanical precision to achieve functional and esthetic dental restorations. However, with the
increasing complexity of patient expectations and advancements in digital technologies, the field
is undergoing significant transformation. One of the most impactful developments is the
integration of Artificial Intelligence (Al), a domain of computer science that mimics human
cognition, including learning, reasoning, and decision-making "

Al has gained substantial traction in dentistry, particularly in areas such as diagnostic imaging,
prosthetic design, treatment planning, and patient-specific care. It supports clinical decision-
making by processing large volumes of health data, analyzing treatment protocols, and generating
evidence-based recommendations tailored to individual patients ¥, Furthermore, Al-powered
tools are being used to simulate virtual patients, offering innovative platforms for training in
medical history taking, recordkeeping, and clinical communication ©.

In the context of fixed prosthodontics, Al is driving innovation through its integration with digital
workflows, including computer-aided design/computer-aided manufacturing (CAD/CAM), 3D
printing, and intraoral scanning. These technologies enable the fabrication of restorations with
enhanced accuracy, fit, and esthetics &9, Additionally, Al-based systems, including reactive
machines, are being deployed for tasks such as automated detection of dental pathology, generation
of 3D anatomical models, and prosthetic design, thereby enhancing both clinical outcomes and
operational efficiency .

Moreover, augmented reality (AR) and virtual reality (VR) interfaces, often augmented by Al
algorithms, are improving dental education and patient engagement by enabling real-time
visualization of treatment outcomes and complex procedures V. These technologies not only
contribute to better diagnostics and planning but also support patient-centered care by fostering
clearer communication and shared decision-making.

This narrative review aims to explore the foundational principles, clinical applications, and
emerging trends of Al in fixed prosthodontics. It discusses current Al methodologies, such as
machine learning, deep learning, and computer vision, and evaluates their role in shaping
diagnostic accuracy, prosthesis design, treatment simulation, and personalized care delivery.
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Foundations of Al in Dentistry

Machine Learning (ML)

Machine Learning (ML), a subset of artificial intelligence, enables computer systems
to learn from data and enhance their performance without explicit programming for
each task. By utilizing algorithms trained on either labeled data (supervised learning)
or unlabeled data (unsupervised learning), ML identifies patterns and generates
predictive models. In dentistry, ML has been applied to various diagnostic and
prognostic tasks, including the detection of dental caries from bitewing and
periapical radiographs, classification of periodontal disease severity based on
clinical and radiographic parameters, and prediction of outcomes such as tooth loss,
implant failure, or orthodontic relapse using patient history and imaging data ®.

Deep Learning (DL)

Deep Learning (DL), a specialized branch of machine learning, utilizes multi-
layered neural networks designed to simulate the way the human brain processes
information, making it highly effective for complex pattern recognition tasks such
as image and speech analysis. DL models extract hierarchical features from large
datasets, progressing from basic visual elements like pixels and edges to more
complex structures, such as entire tooth anatomy. These systems typically require
extensive datasets and substantial computational power. In dentistry, deep learning
has been successfully applied to automate tasks including tooth numbering and
segmentation in panoramic radiographs, cephalometric landmark detection in
orthodontic assessments, identification of apical lesions, cysts, and tumors in CBCT
or panoramic imaging, and margin detection for crown preparation within
CAD/CAM workflows ©,

Natural Language Processing (NLP)

Natural Language Processing (NLP) enables computers to understand, interpret, and
generate human language, whether spoken or written. It works by using algorithms
that tokenize text, analyze grammar and meaning, and identify relationships within
language. In dentistry, NLP is applied to analyze clinical notes for diagnoses and
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treatment planning, power automated appointment systems through chatbots,
convert spoken clinical instructions into text, and detect patterns in large dental
datasets to support research or flag risks such as high caries incidence %,

Computer Vision

Computer Vision, a branch of artificial intelligence, enables machines to interpret
and process visual data such as images and videos. By leveraging deep learning or
machine learning techniques, it analyzes images at the pixel level to identify features
like shapes, edges, and densities. In dentistry, computer vision is increasingly
utilized for tasks such as detecting bone loss in periodontitis from radiographs,
identifying dental anomalies like supernumerary teeth or impacted canines,
enhancing intraoral images automatically, and extracting precise quantitative
measurements, including crown-to-root ratios and pulp volumes V.

Applications of Al in Fixed Prosthodontics

Diagnosis and Case Selection

Artificial intelligence (Al) plays a pivotal role in enhancing diagnostic accuracy
within the field of prosthodontics, where timely and precise diagnosis forms the
foundation of effective treatment planning. The advent of advanced three-
dimensional imaging and scanning technologies has led to a significant increase in
data generation, necessitating efficient analytical tools. Al demonstrates a unique
capacity to process and interpret vast datasets, extracting clinically relevant
information to facilitate optimal diagnosis. This capability supports early disease
detection, streamlines dental workflows, improves time efficiency, and reduces labor
costs (12, Furthermore, Al contributes to personalized treatment by aiding in the
selection of appropriate prosthetic rehabilitation strategies, including the design,
type (removable or fixed), and component selection of prostheses ). It can detect
complex patterns and diagnostic indicators that may be difficult or time-consuming
for clinicians to recognize (Y. Notably, Al systems have achieved diagnostic
accuracies of up to 90% for periodontally compromised premolars and 95% for
molars, underscoring their value in establishing evidence-based treatment protocols
and enhancing overall prosthodontic outcomes %),
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Digital Smile Design (DSD)

Since its inception in 2012, Digital Smile Design (DSD) has evolved significantly
from basic PowerPoint templates and photographic protocols to advanced digital
platforms, with over 15 specialized software programs now available (9. Smile
design has become a prominent aspect of contemporary dentistry, aiming to
harmonize dental aesthetics, including tooth alignment, shape, and color, with facial
features to achieve optimal outcomes. This integrative approach bridges
prosthodontics and aesthetic dentistry, which, though not a formally recognized
specialty, requires a multidisciplinary strategy encompassing restorative,
periodontal, orthodontic, and surgical procedures (7:1%),

The incorporation of artificial intelligence (AI) into smile design represents a
transformative shift, enabling precise analysis of facial characteristics such as
symmetry, lip line, and tooth morphology to create personalized and functionally
effective treatment plans (?. Al-based systems, like the VisagiSMile concept,
employ machine learning to correlate facial features with perceived personality
traits, further refining treatment individualization ). Studies by Ceylan G. et al. and
Deshmukh K. et al. have shown that Al-generated smile designs can be as
aesthetically acceptable as those created by clinicians, especially in symmetrical
cases, highlighting time efficiency and patient satisfaction 1?29,

The integration of Al facilitates a fully digital DSD workflow, traditionally regarded
as technically demanding, and is increasingly applied in prosthodontic and aesthetic
practices. Tools such as Smile Cloud 2.0 and Rubicon (2020) have gained traction
across specialties, with innovations like Smile Cloud Biometrics, developed in 2023
by a Romanian team, providing a cloud-based platform for DSD, planning, and
communication ?!??, This system allows clinicians to upload patient data, receive
Al-driven smile proposals, and generate STL files for mock-ups and guides, offering
customizable and photorealistic simulations of future smiles (1623,

A Romanian observational study involving 250 participants revealed differing
aesthetic perceptions among patients, technicians, dentists, and students,
emphasizing the value of interdisciplinary platforms like SmileCloud in aligning
expectations and improving prosthetic outcomes ?¥. These platforms also offer
enhanced remote communication and streamlined workflows, utilizing intraoral
scanners to replace traditional impressions and improve patient comfort >, Despite
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these advancements, ethical concerns persist regarding Al's use in smile design,
including data privacy, transparency, and system accountability. In response,
international guidelines have been established to ensure ethical and responsible
integration of Al into dental practice 9.

CAD/CAM Integration

The delivery of high-quality fixed prostheses remains a central objective in
prosthodontics. The integration of computer-aided design and computer-aided
manufacturing (CAD/CAM) systems, along with a comprehensive three-
dimensional digital workflow, has significantly transformed dental practice.
Typically, an intraoral scan is acquired and transmitted to CAD/CAM software,
which facilitates the design and fabrication through printing or milling of various
prosthetic restorations such as inlays, onlays, crowns, and bridges 72,

This digital approach enhances clinical efficiency by reducing chairside time,
conserving resources, and minimizing operator fatigue, while also decreasing the
likelihood of human error in prosthesis fabrication 30,

The incorporation of artificial intelligence (Al) into CAD/CAM workflows has
further optimized prosthetic outcomes. Al algorithms assist in accurately detecting
and labeling crown preparation margins, enabling greater precision in prosthesis
design V. In addition, Al is capable of processing large datasets to assess facial
proportions, skin tone, ethnicity, anthropometric data, and patient expectations,
thereby enhancing the aesthetic customization of prostheses 2.

It also plays a critical role in generating anatomically harmonious crown
morphologies that are functionally compatible with opposing dentition ¢%. Errors
commonly associated with crown cementation—such as positional misalignment,
occlusal discrepancies, and subgingival margin inaccuracies—can be mitigated
through Al-based models, which facilitate better identification of preparation
margins and help maintain interproximal and occlusal integrity *¥. Whether through
additive manufacturing or subtractive milling, the collaboration between Al and
CAD/CAM technologies has markedly improved prosthesis quality and precision,
while streamlining laboratory workflows and reducing turnaround times for final
prosthesis delivery 62,
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Al-driven Tooth Preparation and Precision Finish Line Mapping

In 2024, Perceptive, a Boston-based company, introduced an Al-powered robotic
system specifically designed for dental procedures, including the preparation of teeth
for crowns. This innovative system employs advanced optical coherence
tomography (OCT) alongside Al algorithms to generate detailed 3D tooth maps,
which are subsequently analyzed to plan precise tooth preparations. Remarkably,
procedures that traditionally require several hours can now be completed in
approximately 15 minutes using this technology ?23%. Additional advantages
include enhanced precision and accuracy, resulting in improved crown and bridge
fit, as well as greater consistency and reliability, since robotic systems are unaffected
by fatigue or human error 2. Although currently in the prototype phase, this
technology has undergone successful testing in the United States and is expected to
expand internationally, particularly in underserved regions where access to dental
care is limited 9.

Another notable advancement in Al-driven dental robotics is Yomi by Neocis,
introduced in 2017 as the first and only FDA-cleared robotic system for dental
surgery. Primarily used for implant procedures, its underlying technology shows
potential for adaptation to other treatments, including tooth preparation ¢”. This was
followed by the launch of DentSim by Image Navigation in 2018, an advanced Al-
based dental training simulator using augmented reality to assist dental students in
practicing procedures ??. Although not used on patients, DentSim signifies a major
step forward in integrating Al and robotics into dental education. Similarly, Tactile
Robotics introduced a robotic system in 2019 that utilizes haptic feedback and Al to
support dentists in performing accurate and efficient procedures, including tooth
preparation %,

Despite the limited number of fully developed Al-driven robotic systems currently
available, their emergence represents a significant breakthrough in the fusion of Al
and robotics within prosthodontics. These technologies are designed to increase
clinical efficiency, procedural accuracy, and treatment outcomes *. While there is
no current evidence of such robotic systems being implemented in Romania, their
demonstrated effectiveness suggests a high likelihood of future global adoption,
especially in countries facing barriers to conventional dental care.
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The application of Al in mapping the preparation finishing line in fixed
prosthodontics has demonstrated remarkable advancements in precision and
efficiency over the past decade. Machine learning (ML) and deep learning (DL)-
based algorithms have been developed to accurately detect and delineate preparation
margins by analyzing digital impressions or intraoral scans, ensuring a precise fit for
crowns and bridges ®®. These systems often utilize convolutional neural networks
(CNNs) and other advanced Al architectures trained on extensive datasets of dental
imagery 9.

In this regard, Zhang B. et al. proposed a CNN-based Al model utilizing the S-Octree
structure to autonomously detect preparation finishing lines. Their study employed
380 digitized premolar and molar tooth preparation dies—processed as sparse point
clouds and manually annotated—to train the model. The Al system demonstrated
high accuracy in margin detection, achieving a success rate ranging from 90.6% to
97.4%. These findings underscore the potential of automating the identification of
preparation margins and suggest a promising direction for integrating Al into CAD
software for dental restoration design ¢,

Beyond design automation, Al-driven tools provide real-time support to clinicians
by assessing preparation quality and recommending modifications when necessary.
This real-time assistance contributes to optimized outcomes and improved patient
care “0. Currently, such tools are being employed in clinical settings worldwide. In
the United States, Al technologies are widely adopted in dental practices for real-
time mapping of tooth preparations “V. European countries like Germany and the
United Kingdom have implemented Al tools extensively within dental research
institutions and clinical settings “?. In Asia, dental schools and clinics in China are
actively developing and applying Al models for preparation mapping “*, while
Japan and South Korea continue to lead in incorporating Al into advanced dental
procedures 44,

Despite these developments, comparative studies between traditional and Al-
assisted marginal preparation techniques remain limited. Notably, Mugri M.H. et al.
43) examined the influence of digital manufacturing methods (subtractive versus
additive), preparation taper, and finish line design on the marginal adaptation of
temporary crowns. Their findings highlight the crucial role of Al-integrated
CAD/CAM systems in enhancing the accuracy of marginal fit.
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Tooth Shade Selection

Tooth shade selection (TSS) in clinical prosthodontics has seen substantial
technological advancement, with a wide range of tools now available to improve
accuracy and reproducibility. Alongside traditional systems such as the Vita
Classical Shade Guide and the Vita 3D-Master Shade Guide (VITA Zahnfabrik H.
Rauter GmbH & Co., Bad Séickingen, Germany), modern methods include shade-
matching spectrophotometers, intraoral electronic devices like the Vita Easyshade,
the ShadeEye NCC Chroma Meter (Shofu Dental, Menlo, CA, USA), the iTero
Element (Align Technology, Inc., San Jose, CA, USA), as well as colorimetric
systems, hybrid devices, computer-aided shade selection software, and mobile
applications “9).

In recent years, artificial intelligence (AI) has emerged as a transformative force in
this domain, offering enhanced precision, objectivity, and standardization in TSS—
an essential component of aesthetic success in fixed prosthodontics. Traditional
methods often depend on visual comparison, which is inherently subjective and
prone to inconsistency. In contrast, Al-based technologies have shown the potential
to reduce human error and improve the reliability and efficiency of shade matching
4047 Various branches of Al including machine learning (ML), deep learning (DL),
and convolutional neural networks (CNNs), have been increasingly integrated into

shade selection protocols “¥,

Machine learning algorithms have played a pivotal role in refining the
accuracy of TSS. By analyzing large datasets comprising tooth images and
corresponding shades, these algorithms learn to predict the appropriate shade based
on image-based and contextual features “?. Notable techniques such as support
vector machines (SVMs) and k-nearest neighbors (k-NN)—both supervised learning
models—have been employed to classify tooth shades effectively ©?. A study by Lee
et al. ® demonstrated the use of SVMs to accurately predict tooth shades through
the analysis of colorimetric data from digital images. This approach offers a
significant advantage over traditional visual methods by minimizing subjective bias
and improving consistency.

In addition to ML approaches, DL models—particularly CNNs—have
achieved promising results in TSS. Takahashi et al. ©? reported success using a
CNN-based model to automate the shade-matching process. Trained on a large
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dataset of tooth images, their CNN system was able to detect subtle color variations
that often escape human perception, leading to more precise and visually appealing
restorations.

Further innovations have applied CNNs to analyze intraoral photographs and match
them with appropriate shade of guide values. For instance, Mehta et al. 3 developed
a CNN-based system trained on a diverse dataset that demonstrated superior
performance in both speed and accuracy when compared to conventional methods.
The model effectively accommodated variations in lighting conditions and patient
demographics, highlighting its adaptability in clinical practice. This integration of
Al into the shade selection process not only enhances the accuracy of restorations
but also streamlines workflow, improving clinical efficiency in prosthodontic
procedures.

Dental Patient Robot and Al in Dental Education

The dental patient robot is designed to simulate a wide range of natural human
reactions, including blinking, sneezing, coughing, head shaking, eye rolling, and
tongue movements. Notably, it can mimic signs of fatigue by holding its mouth open
and can reproduce the human-like gag reflex, offering a highly realistic training
experience for dental students. Such simulation capabilities make it a valuable tool
for both undergraduate and postgraduate education. Artificial intelligence (Al)
further enhances dental training by supporting the teaching of diagnostic skills,
treatment planning, and procedural execution. Virtual Al-powered simulators
provide a safe and controlled environment where students can practice clinical
techniques before working with actual patients. These systems also enable
personalized learning by adapting content and difficulty levels to each student’s
performance and needs. Additionally, AI can be employed in assessment and
grading, delivering objective, consistent evaluations of students’ clinical
competencies and theoretical knowledge ©¥.

Challenges and Limitations

Despite the significant advancements Al has brought to prosthodontics, several
limitations and ethical considerations remain. Concerns have been raised regarding
patient confidentiality, data privacy, and the ethical implications of Al-generated
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diagnoses or treatment plans. Moreover, Al systems may inadvertently incorporate
algorithmic biases, leading to discriminatory or suboptimal outcomes. The
increasing automation of tasks traditionally performed by dental technicians also
raises concerns about job displacement. To mitigate these issues, it is essential that
dental professionals remain aware of the inherent limitations of Al and actively
ensure the use of high-quality, unbiased data. Regular monitoring and updates of Al
algorithms are necessary, along with the development and enforcement of ethical
guidelines to guarantee the responsible and equitable implementation of Al in
clinical practice ¢,

A critical aspect of advancing Al in dentistry involves standardizing data collection
and reporting methodologies. The development of a comprehensive, open-access
dataset, including complete clinical, experimental, and therapeutic data, would
significantly support the next phase of Al research. Such a dataset would facilitate
the comparison of different algorithms and foster the development of more robust
and accurate models, ultimately improving patient outcomes. As dental practices
increasingly adopt digital tools such as electronic health records and imaging
systems, the volume of data available for Al training will continue to grow. This
expansion highlights the importance of a robust data infrastructure and standardized

protocols to facilitate Al development and integration within dental care systems %),

The advent of quantum computing holds promises for further enhancing Al
applications, particularly in processing complex and large-scale datasets. Unlike
classical computers that operate using binary digits (bits), quantum computers use
qubits capable of existing in multiple states simultaneously. This capability allows
for faster and more efficient data processing, which could significantly benefit
machine learning and data modeling tasks in dental Al. However, quantum
computing remains in the experimental phase, and considerable research is still
needed to develop scalable and practical quantum systems for use in dentistry and
other healthcare domains ©7.

Interpretability remains a cornerstone of Al’s integration into healthcare, including
dentistry. Clinicians must be able to understand the reasoning behind Al-generated
recommendations to build trust and ensure clinical relevance. A lack of transparency
or explainability can lead to uncertainty, reduced adoption, and challenges in
generalizing Al methods to varied clinical scenarios. Therefore, efforts to improve
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model visualization, interpretability, and scientific validation are essential to ensure
that Al supports personalized, patient-centered care ©¥.

Beyond technical limitations, the ethical dimensions of Al in healthcare must be
thoroughly considered. Alongside data privacy and security concerns, there is a risk
that Al could unintentionally reinforce existing healthcare disparities if its
development is not approached with inclusivity and fairness. These risks underscore
the necessity for responsible Al development, which includes transparent design
processes, continuous system evaluation, and ethical oversight to prevent unintended
harm and ensure equitable healthcare delivery ).

Al & Future Scope

The integration of artificial intelligence into dentistry offers significant opportunities
to advance patient care by enhancing diagnostic precision, streamlining treatment
planning, and increasing the accuracy and efficiency of prosthetic design ©?. As Al
tools become increasingly available in clinical practice, dental professionals must
develop a solid understanding of their capabilities and limitations. Ethical
considerations, such as data privacy, security, transparency, and fairness, must be
addressed to ensure responsible use.

While Al can support clinical decision-making and optimize workflows, it should be
viewed as an adjunct to, rather than a replacement for, human expertise. Its role lies
in automating repetitive tasks and analyzing complex data to support personalized,
evidence-based care. To fully realize its benefits, the deployment of Al must be
guided by ethical standards, high-quality data, and ongoing validation through
clinical research. When thoughtfully integrated, Al can serve as a dependable and
transparent tool, helping dental professionals deliver more effective and patient-
centered outcomes ¢V,

Conclusion

Artificial intelligence (Al) presents transformative potential in dentistry, particularly
in enhancing diagnostic accuracy, treatment planning, prosthetic design, and overall
patient care. To fully realize these benefits, it is essential to address key ethical
considerations, including data privacy, informed consent, transparency, safety, and
algorithmic fairness. Rather than replacing clinical expertise, Al should be regarded
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as an adjunctive tool that augments the capabilities of dental professionals. As Al
systems become increasingly sophisticated, development must remain focused on
serving human interests, ensuring systems are interpretable, secure, and aligned with
clinical needs.

With rigorous design, thorough clinical validation, and ethical oversight, Al can
become a reliable, reproducible, and user-friendly support system for dental
practitioners. The integration of Al through a multidisciplinary approach—bringing
together clinicians, researchers, engineers, and regulatory bodies—can significantly
improve oral and systemic health outcomes. In fixed prosthodontics, Al 1s redefining
standards by introducing new levels of precision, customization, and workflow
efficiency. However, its successful implementation in daily practice hinges on
continued innovation, robust collaboration, and a strong commitment to maintaining
patient safety and trust.
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