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Artificial Intelligence and Deep
Learning Frameworks for
Automated Dental Disease
Detection and Prosthodontic
Treatment Planning

Abstract

Artificial intelligence (Al) and deep learning are transforming
dentistry by enabling automated disease detection, improving
diagnostic accuracy, and enhancing prosthodontic treatment
planning through data-driven clinical decision support. This
review comprehensively examines contemporary Al and deep
learning frameworks for automated dental disease detection,
emphasizing their applications, diagnostic performance,
integration into digital prosthodontic workflows, current
limitations, and future research directions. Advanced Al
techniques, including convolutional neural networks, object
detection algorithms, image segmentation networks, vision
transformers, and generative Al models, have demonstrated high
potential for identifying dental caries, periodontal disease,
periapical lesions, tooth wear, fractures, and occlusal
abnormalities from clinical and radiographic images. Integration
with digital technologies such as CAD/CAM systems, intraoral
scanners, facial scanning, virtual articulators, and cloud-based
platforms has further improved personalized treatment planning,
workflow efficiency, and clinical decision-making. However,
challenges including limited dataset diversity, insufficient
external validation, model explainability, ethical concerns, data
privacy, and regulatory compliance continue to hinder
widespread clinical implementation. Al is expected to become
an indispensable decision-support tool in prosthodontics. Future
research should prioritize transparent, interoperable, and
clinically validated Al systems to advance safe, evidence-based,
patient-centered digital dentistry worldwide.
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INTRODUCTION

Artificial intelligence (Al) is undoubtedly one of the most
impactful and innovative technologies in modern
medicine, which provides an opportunity for evidence-
based decision-making, improved diagnostics, and
patient-tailored treatment regimens. The field of dentistry
has recently seen a dramatic shift towards intelligent
practice because of Al implementation, primarily machine
learning (ML) and deep learning (DL) [1-3]. Using big
clinical data and computing capabilities, Al allows
detecting patterns that cannot be identified via visual
observation only, thus improving the consistency and
efficiency of diagnosis and treatment planning.

The identification of dental diseases largely depends upon
proper analysis of radiographs, intraoral images, cone-
beam computed tomography (CBCT), digital
impressions, and the unique clinical history of the patient.
Even with rapid advancements made in technology for
imaging, diagnosis is subject to observer error, the
experience of the clinician, workload, and complexity of
the multidisciplinary approach to dental treatment [1,3,4].
Thus, incorrect or delayed diagnoses can have a negative
effect on treatment results, especially when it comes to
prosthodontic therapy, where thorough assessment and
planning of oral structures is critical.

Recently, deep learning technologies have significantly
enhanced the abilities of artificial detection systems to
recognize various oral diseases. CNNs, object detection
techniques, image segmentation techniques, and
transformer models have exhibited extraordinary results
when recognizing dental caries, periodontal bone loss,
periapical diseases, tooth fractures, and malocclusions
among others. There is great potential of these techniques
in reducing variability in diagnosis and in the fast
interpretation of images [5,6] In addition, automatic
object detection techniques have been used in recognizing
panoramic radiographs in the planning of treatment
option.

Al not only helps in diagnosing diseases but also is
progressively revolutionizing prosthodontic treatment
planning through the use of digital methods that combine
diagnostic information and provide personalized
treatment planning solutions [7,8]. Current uses of Al
range from digital smile design, prosthesis design
optimization, implant planning, occlusion assessment,
computer-aided design and manufacturing (CAD/CAM)
fabrication and 3D printing technologies [9,10]. These
smart systems have the ability to combine anatomic,
functional, and aesthetic considerations to enable the
selection of restorative solutions and enhance the
workflow efficiency while minimizing the complexity of
treatment planning.

However, there are still some limitations preventing the
broad implementation of Al frameworks in
prosthodontics [11]. The issue of non-generalization of
models that were built on rather homogenous datasets
with poor external validation is still a problem in
prosthodontics. Other problems related to the
development of Al algorithms in dentistry are the lack of
interpretability of the black box models, ethical and legal
issues, data privacy protection, and lack of standard
validation procedures for clinical implementation of the
models[5-10,12—15]. Moreover, even though the
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diagnostics has significantly improved, there are only a
few research studies that assess the clinical efficacy of Al-
based decision support systems in prosthodontics.

The extensive literature on the subject has indicated
significant improvements in the use of Al to perform
dental diagnoses and prosthodontics [16]. Nevertheless, it
can be noted that there is a certain lack of a comprehensive
review of these advancements in terms of specific
diseases, Al computational architecture used, as well as
clinical processes. An analysis of recent achievements in
Al-assisted detection of dental conditions alongside the
development of Al-assisted prosthodontics would be
helpful in order to get a clearer picture of the area under
consideration [17,18]. The aim of this paper is:
1.Critically assess the current state of artificial
intelligence and deep learning algorithms in the context of
computer-aided diagnosis of dental diseases in various
imaging techniques

2.Investigate the uses of artificial intelligence in the
planning of prosthetic treatments, particularly concerning
digital workflows, decision support, and rehabilitation
approaches

3.Determine the existing limitations, gaps in research, and
future trends shaping the application of artificial
intelligence in prosthodontics and restorative dentistry

2. Foundations of Artificial Intelligence and Deep
Learning in Dentistry

2.1 Artificial Intelligence in Clinical Dentistry

The application of artificial intelligence (AI) has made it
an important part of contemporary clinical dentistry by
improving accuracy in diagnostics, treatment planning,
risk predictions, and workflow optimization [19,20]. Al-
enabled systems assist clinicians in making evidence-
based decisions for dental treatment by analyzing various
data sets related to patients, thus helping in providing
more precise and efficient dentistry, particularly
prosthodontics and restorative dentistry.

2.2 Machine Learning and Deep Learning

With machine learning (ML), computer programs can
detect patterns and make predictions using clinical
information without any programming, while in deep
learning (DL), which is a specific branch of machine
learning, multilayer neural networks can be used for
automatic extraction of complex hierarchies from big data
[21]. Machine learning and deep learning techniques have
greatly contributed to dental image analysis and disease
classification.

2.3 Computer Vision in Dental Imaging

Computer vision involves the application of Al techniques
for image analysis in dentistry. Computer vision allows
for the automated detection, segmentation, and
classification of oral structures and diseases based on
analysis of X-rays [22], cone beam computed
tomography, intraoral images, and even those taken using
smartphones

2.4 Neural Networks and Deep Learning Architectures
Biological neural networks mimic biological neural
processing in order to detect the intricate relationships
present in clinical data sets. On the other hand, advanced
forms of deep learning, such as convolutional neural
networks (CNNs) [24], are adept at feature extraction
from images. Recent developments in CNN architecture,
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among others, have greatly improved diagnosis in
dentistry.

2.5 Explainable Artificial Intelligence

XAI (Explainable Al) seeks to achieve transparency and
explainability of Al decisions by elucidating the reasons
behind algorithmic decision-making. In dentistry, the use
of XAI allows clinicians to be more confident [25], to
adhere to regulations, to ensure ethics, and to make a
responsible use of Al-based diagnostic and treatment
planning applications.

2.6 Generative Artificial Intelligence in Dentistry
GenAl is the next stage in the development of artificial
intelligence, which allows for the production of clinically
relevant information by generating text and images. In
dentistry, various GenAl applications have been
developed for such purposes as treatment planning,
documentation, communication with patients [26],
education, and digital workflow enhancement, although
certain issues related to reliability, validation, and
governance require attention (Table 1).

Table 1: Foundations of Artificial Intelligence and Deep Learning in Dentistry

Technology Primary Function Major Dental Applications Key Benefit References
Artificial Clinical decision Diagnosis, treatment planning, Improved clinical | [19-20]
Intelligence (AI) | support risk prediction efficiency
Machine Learning | Pattern recognition and | Disease prediction, outcome Learns from [21]
(ML) prediction analysis clinical data
Deep Learning Automated feature Dental image analysis, disease High diagnostic [22]
(DL) extraction detection accuracy
Computer Vision | Image interpretation Radiographs, CBCT, intraoral Rapid and [23]

image analysis consistent

diagnosis
Neural Networks | Image classification Caries, fractures, periodontal and | Superior image [20,21]
(CNNs) and segmentation periapical lesion detection analysis
Explainable Al Transparent decision- Clinical decision support Improved clinician | [22]
(XAD making trust
Generative Al Content generation and | Treatment planning, education, Enhanced [24]
(GenAlI) reasoning documentation workflow

efficiency

3. Digital Data Sources for AI-Driven Dental Disease
Detection

Detection of dental diseases using Al relies heavily on the
source of high-quality and relevant digital data that is used
to develop and validate machine learning models.
Intraoral images are rich in visual information which is
useful in diagnosing caries, plaque deposits, gingival
inflammation, tooth discolourations, and soft tissue
alterations. Panoramic images continue to play an
important role in the overall assessment of dentition,
alveolar bone, impacted teeth, periapical diseases, and
periodontal bone destruction, while periapical images
allow for more detailed visualization of local carious,
endodontic, and periapical diseases [25]. CBCT allows
the diagnosis of bone abnormalities, root canal
morphology, periapical diseases, implants, and
maxillofacial structures in a 3D manner [26,27,28].

Digital scans and impressions allow the acquisition of
surface-based datasets that are helpful in detecting tooth
wear, malocclusion, tooth preparation margin, arch
relationship, and  anatomical  anomalies  for
prosthodontics. The use of electronic dental records helps
collect information about longitudinal clinical,
demographic, periodontal, restorative, medical, and
behavioral factors that enable prediction of risk for a
certain disease, disease progression, and provision of
personalized prevention and treatment strategies (Figure
1) [29]. The combination of different types of multimodal
data is getting more and more important in the field of Al
in dentistry since their integration into a unified system
provides higher diagnostic performance than that of the
single modality approaches [30-33]. Nonetheless, there
are several aspects of such data that need to be taken into
consideration in order for them to be clinically relevant.
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Figure 1: Artificial Intelligence Workflow for Automated Dental Disease Detection
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Figure 1 depicts The Workflow of Al-Based Dental Disease Diagnosis, which consists of data collection, pre-processing,
Al model analysis, disease identification, and decision support, with a continuous feedback loop incorporated.

4. Artificial Intelligence Frameworks for Automated
Dental Disease Detection

4.1 Dental Caries Detection

Al models assist in early detection and monitoring of
dental caries through image analysis of radiographs and
optical images with a high level of diagnostic precision.
Deep learning models detect minor signs of
demineralization that may go unnoticed clinically [34],
helping in designing personalized prevention measures
and restorations.

4.2 Periodontal Disease Assessment

Al technology plays a role in the evaluation of
periodontitis through the automatic analysis of clinical
and radiographic features such as periodontal bone loss,
attachment issues, and inflammation [35]. Artificial
intelligence technology is helpful in diagnosing
periodontal disease consistently and evaluating disease
progression in decision-making.

4.3 Periapical Lesion Detection

Periapical lesions can be identified and segmented using
deep learning algorithms based on panoramic radiograph
images and CBCT images [36]. Image processing
techniques aid doctors in detecting apical pathology,
making the diagnosis more reliable and helping in
treatment planning.

4.4 Tooth Wear Analysis

The image analysis through Al can objectively assess
tooth wear through changes in morphology observed from
digital images and clinical pictures [37]. The automated
analysis helps in early diagnosis of attrition, abrasion, and
erosion along with the prevention and restoration plans.
4.5 Vertical Root Fracture Detection

The machine learning models enable better identification
of the minute radiographic findings associated with
vertical root fractures through improved accuracy [38].
The use of artificial intelligence helps detect these

fractures earlier in time while reducing the risk of
misdiagnosis.

4.6 Pulpal Pathology Assessment

Al is able to combine clinical data with radiographic
images and helps in distinguishing reversible and
irreversible pulpal diseases [39,40]. Al-enabled decision
support aids in the differentiation between reversible and
irreversible pulp conditions, contributing to the accuracy
of diagnosis and optimization of treatment.

4.7 Cracked Tooth Identification

Al-based models facilitate the detection of crack
propagation through automated analysis of imaging and
structural features of the teeth. The timely detection of
crack propagation improves the prognosis for the affected
teeth and helps clinicians choose appropriate treatment
strategies [41].

4.8 Tooth Loss Prediction

Models based on machine learning are used to identify the
probability of tooth loss through the combination of
demographic, periodontal, restorative, and behavioral
factors [42]. The use of predictive analytics allows for
individual risk identification and preventive planning,
thereby enhancing personalized dental care.

4.9 Occlusal Abnormality Detection

With the help of artificial intelligence, computerized
assessment of occlusal deviations is possible using digital
occlusal data, dental models, and images [43]. Such
systems aid clinicians to recognize any functional
irregularities, malocclusions, and TMJ disorders.

4.10 Alveolar Bone Evaluation

The examination of alveolar bone anatomy, thickness, and
density is made possible through the analysis of CBCT
data using artificial intelligence techniques. Automated
bone analysis assists in dental implant planning,
prosthetic rehabilitation, periodontal assessment, and
surgery planning (Table 2) [44]

Table 2: Artificial Intelligence Applications in Dental Disease Detection

Disease Al Application Imaging Modality Reference(s)
Dental caries Automated detection Bitewing, IOPA [34]
Periodontal disease Bone loss assessment Panoramic, CBCT [35]
Periapical lesions Lesion detection I0OPA, CBCT [36]
Tooth wear Surface evaluation Digital scans [37]
Vertical root fracture Machine learning diagnosis | CBCT [38]
Pulpal pathology Clinical decision support Clinical + Radiographs | [39,40]
Cracked tooth Crack recognition Clinical imaging [41]
Tooth loss Risk prediction Clinical records [42]
Occlusal abnormalities | Functional analysis Digital models [43]
Alveolar bone Bone thickness assessment | CBCT [44]

5. Deep Learning Frameworks Used in Dental
Diagnostics

The reason behind deep learning becoming the foundation
of artificial intelligence-based dental diagnostics is due to
its capabilities of automatic extraction of hierarchical

features from complex imaging data without any manual
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engineering of those features. In terms of these
architectures, CNNs have been the most widely used type
of framework for dental caries, periodontitis, periapical
pathology, dental fractures, and anatomical abnormalities
detection from radiographs, CBCT, and intraoral imaging,
offering the highest level of diagnostics accuracy and
stability [45,46]. Object detection framework that
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includes YOLO (You Only Look Once), Faster R-CNN,
and RetinaNet offers fast tooth, implant, carious lesion
and other pathological finding identification while
preserving high level of detection accuracy, being
therefore useful for clinical decision-making in real time
[47]. Segmentation of the image by means of U-Net,
Mask R-CNN and other neural networks is helpful in
providing accurate measurement of lesions, bone loss, and
anatomical borders of the teeth, which is necessary for
diagnosis (Figure 2).

Vision Transformers (ViT), on the other hand, are more
recent alternatives that have been introduced to address
the issue of identifying long-range spatial dependencies

present in dental imagery and thus enhancing feature
extraction in complicated medical diagnostic procedures
[48,49]. Moreover, hybrid and ensemble models, which
utilize a combination of several deep learning models or
incorporate traditional machine learning techniques, have
shown increased prediction accuracy and generalization
when compared to single-model strategies [50,51,52].
Finally, the problem of data exchange and patient privacy
is solved by federated learning, which provides for the
joint training of the model using data from various
facilities, without passing any information about the
patients [53].

Primary Function How It Works (Simplified) Dental Application
~ Learns features Caries and Caries detection
g=0 (] Image F . 3 .
. CNN AN e 1] and classifies periodontal disease on bitewing
0 \|  Classification Lo %
— . images classification radiographs
5 e % Detects and locates r, ~1 Tooth detection Tooth detection
Object | ! Ny # s .
YOLO @ ‘ @ objects in one and landmark in panoramic
Detection i I
e ) step 5 ) localization radiographs
a 0 Image SR Segments regions Bone and lesion Menciowe
U-Net 0-0 - : ) segmentation
Segmentation pixel by pixel segmentation
O > o-o in CBCT
R P
B Faster '® | Object D o D a;:":::;?s'""s Lesion and cyst Periapical lesion
R-CNN i 1 Dpetection e e O) detection detection
7 o g
Vision 000 foureenraction QO o= Frocessesimage Complex pattern Periodontal bone
Transformer BE;‘DJ & Classification OO~ 5= Patchesandleams s recognition loss classification
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Figure 2: Deep Learning Frameworks Used in Dental Diagnostics

Figure 2 illustrates the Overview of Al Frameworks in Dentistry, showcasing their main functionalities, operational
mechanisms, clinical applications, and specific examples of their implementation in diagnosis, detection, segmentation,

EJPRD

and treatment planning.

6. Artificial Intelligence for Prosthodontic Treatment
Planning

Through artificial intelligence (AI), prosthetic treatment
planning is becoming more advanced as it allows for
incorporating patient-specific clinical, radiographic, and
digital data into comprehensive decision-making
frameworks that enhance diagnostic accuracy, process
efficiency, and predictable outcomes. Al-based patient
evaluation involves gathering information about the
patient’s medical history, intraoral findings, 3D imaging,
and digital impressions in order to perform personalized
diagnosis and risk assessment before proceeding with
rehabilitation [54]. Within digital smile design, Al
technology analyzes facial symmetry, lip movement,
tooth dimensions, and other aesthetic parameters to
provide personalized treatment planning in accordance
with the functional and aesthetic goals [55]. Occlusal
analysis based on Al technology further allows for the
precise evaluation of occlusal contacts, jaw movements,
and force distribution, reducing functional problems and
leading to better prosthetic results [56].

Further to the diagnosis, the optimization of Al-facilitated
prosthesis design takes into account biomechanical,
anatomical and esthetic factors and provides optimal

restorative designs for crown, bridge, veneer and implant-
prosthetic rehabilitation while optimizing the workflow of
CAD/CAM processes [57]. In the field of fixed and
removable prosthodontics, the machine learning
algorithms help to determine which prosthesis to choose,
select the type of material for fabrication, provide
framework design guidance and make outcome
prediction, thus making possible the development of
personalized rehabilitation approaches [58]. The
considerable role of artificial intelligence in implant
prosthodontics has been proved by its capability to assess
the quality of bone, anatomical limitations, implant
position, prosthetic emergence profile and peri-implant
conditions using the deep learning approach [59].
Moreover, the implementation of Al is very beneficial for
providing full-mouth rehabilitation based on the
integration of multidisciplinary diagnostic information
into a treatment plan, taking into account esthetic,
functional and long-term considerations (Table 3) [60].
Emerging clinical decision support systems combine
patients’ information with evidence-based
recommendations and help dentists to select the
appropriate treatment pathway [61].

Table 3: Artificial Intelligence Applications in Prosthodontic Treatment Planning

ejprd.org - Published by Riset Publishing Services LLC
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Prosthodontic Stage Al Application Clinical Benefit Reference(s)
Patient evaluation Risk assessment Personalized diagnosis [54,55]
Smile design Facial analysis Esthetic planning [54,56]
Occlusal analysis Bite evaluation Functional optimization [57]
Tooth preparation Margin assessment Standardized preparation [54,55]
Prosthesis design CAD optimization Accurate restoration [58]
Fixed prosthodontics Crown/bridge planning | Predictable outcomes [55,56]
Removable prosthodontics | Denture design Improved adaptation [59]
Implant prosthodontics Implant positioning Surgical accuracy [58,59]
Full-mouth rehabilitation | Treatment sequencing | Multidisciplinary planning | [60]
Clinical decision support | Al recommendations Reduced variability [61]

7. Integration of Artificial Intelligence into the Digital
Prosthodontic Workflow

7.1 CAD/CAM Technologies

In fact, Al has played an important role in enhancing the
quality of CAD/CAM systems through automation of
restoration designs, margin detections, and accurate
fabrication of prosthetics. In addition, intelligent
algorithms help to carry out effective digital processes
without any human interventions, errors during
manufacturing, and treatment time [62].

7.2 Intraoral Scanning

Al-powered intraoral scanners make high-quality scans
due to a reduction in stitching artifacts, optimized imaging
processes, and automatic anatomical landmark detection
[63]. Better scan accuracy improves diagnostics, fit, and
communications among clinicians and dental labs for
fully digital treatment planning.

7.3 Facial Scanning

Al-assisted facial scanning provides detailed analysis of
facial morphology, symmetry, and soft tissue dynamics,
allowing for esthetic prosthodontics treatment planning
[64]. Automated identification of facial landmarks makes
it possible to design individualized smiles and
harmoniously integrate prosthetic restorations with
specific facial features of the patients.

7.4 Virtual Articulators

Virtual articulators, which utilize Al technology, can
accurately simulate mandibular movement and occlusal
relationship, unlike conventional mechanical articulators.
These modern tools increase the accuracy of occlusal
analysis and prosthesis adaptation, decrease chair
adjustments, and increase the predictability of the
treatment [65].

7.5 Digital Occlusion Analysis

Al improves occlusion analysis in dentistry through
objective evaluation of occlusal contacts, forces applied
and mandibular movement [66]. Automation makes it
easier to avoid mistakes in interpreting the findings and
make occlusal adjustments that promote prosthetic
durability.

7.6 Three-Dimensional Printing

Integration of artificial intelligence enhances the 3D
printing process in prosthetic dentistry through
optimization of design, manufacture, and quality control
[67]. The synergy makes it possible to create customized
restorations with increased accuracy and efficiency.

7.7 Cloud-Based Digital Dentistry

Digital dentistry in the cloud involves combining Al with
cloud computing capabilities, such as storing information
centrally and processing it efficiently. Cloud computing
allows real-time information sharing between healthcare
providers, laboratories, and specialists (Figure 3) [68].
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Figure 3: Integration of Al into the Digital Prosthodontic Workflow
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Figure 3 illustrates the Al-driven digital workflow in
prosthodontics, showing how the process from patient
evaluation, data collection, diagnostics, prosthesis design,
fabrication, delivery, to post-delivery care involves the
use of Al in decision-making, automation, optimization,
and result prediction.

8. Clinical Performance of Artificial Intelligence Systems
Al systems' clinical performance should be measured
using clinically meaningful and context-specific metrics
prior to their use in dental diagnosis and prosthodontics.
Accuracy represents the general measure of correct
classifications. Nevertheless, it can be highly misleading
in case of unbalanced disease prevalence, and therefore
the sensitivity and specificity become important
parameters to define whether the model is able to
correctly recognize diseased and healthy patients [69].
Precision and recall help to define the reliability of the
positive prediction and the capability of the model to
detect all the clinically relevant abnormalities, especially
in the case of screening when missing disease can harm
the patient's health [70,71]. External validation becomes a
crucial necessity since many Al systems show high
performance in the internal dataset but lower reliability in

external clinical samples, different imaging equipment,
institutions, and acquisition protocols [72].

It is just as critical for the dentistry field because
anatomical differences, age, ethnicity, severity of the
disease, condition of restoration, and imaging quality may
affect Al performance and applicability [73]. Comparing
the Al systems to the performance of clinicians also adds
translational value by finding out whether Al can perform
at the level of, or even better than, humans in diagnosis.
The evidence on the clinical use of Al indicates that
decision support systems are able to increase efficiency of
recognition, decrease variability of diagnostics and
provide improvements in care delivery if used properly
and monitored [74,75]. However, performance
assessment must go beyond the use of metrics to include
such aspects as calibration, interpretability, workflow
implications, safety monitoring, cost-effectiveness, and
post-deployment performance monitoring. Continuous
monitoring is needed because of the possibility of
declining performance caused by changing datasets,
shifting clinical practice, and innovations in imaging
technology [76]. Therefore, it is crucial to validate and
monitor performance of the algorithms used (Table 4).

Table 4: Clinical Performance Metrics of Artificial Intelligence Systems

Performance Metric Clinical Importance Application Reference(s)
Accuracy Overall performance Diagnosis [69]
Sensitivity Disease detection Screening [70]
Specificity Healthy case recognition | Differential diagnosis [71]
Precision Reliability of predictions | Decision support [72]

Recall Completeness of detection | Early diagnosis [72,73]
External validation Robustness Clinical translation [74]
Generalizability Population applicability Multi-center implementation | [75]
Clinician comparison | Human-Al benchmarking | Workflow integration [76]

EJPRD

9. Clinical Applications and Translational Impact

9.1 Chairside Diagnostic Support

Chair-side diagnostics that are Al-driven make real-time
evaluations of patient images, radiographs, and medical
records, allowing for the diagnosis of oral diseases in a
timely manner [77]. They ensure accurate diagnosis,
lower the workload of the clinician, and help in
intervention in prosthodontics and restorative dentistry.

9.2 Treatment Planning Optimization

Using Al, treatment planning is enhanced by combining
clinical, imaging, and digital workflow information to
develop customized therapy recommendations [78].
Decision-support systems automate treatment processes
to reduce planning variation and help clinicians in
choosing an efficient method of restoring complex cases.

9.3 Personalized Prosthodontics

Personalized Prosthetics with the help of Al is done by
integrating the specific anatomy, function, esthetic and
biomechanics of the patient into an individual treatment
plan [79]. Al helps in designing custom prosthesis,

ejprd.org - Published by Riset Publishing Services LLC

selecting the right material and predicting the outcome of
treatment.

9.4 Workflow Automation

Al-driven workflow automation helps simplify routine
work within clinical and laboratory settings such as
documentation, digital designing, patient management,
and prosthesis manufacturing [80]. Automating
workflows increases efficiency, eliminates human error,
promotes collaboration among different specialists, and
lets clinicians concentrate on more complicated activities
requiring decisions based on patients' needs.

9.5 Tele-Dentistry and Remote Consultation

Teledentistry incorporating Al allows for tele-diagnosis
and teleconsultation, as well as follow-up through the
secure transmission of digital records, radiographs, and
intraoral images [81]. This technology increases the
accessibility of prosthetic dentistry care, promotes
interdisciplinary communication, and allows for continual
patient monitoring outside the clinical setting.
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9.6 Precision Dentistry

In precision dentistry, artificial intelligence and digital
tools along with biological data unique to each individual
are used to provide personalized treatment solutions for
prevention and restoration of health [82]. Through

prediction and digital prosthodontics, artificial
intelligence ensures highly precise diagnostic and
rehabilitative solutions as well as optimized treatment
outcomes (Figure 4).

W Chairside Diagnostic
Support
e
proved
i

Treatment Planning m
Optimization

ates data

nerate

|
CLINICAL Prosthodontics
APPLICATIONS

TRANSLATIONAL
IMPACT OF Al IN
PROSTHODONTICS

EJPRD

Tele-Dentistry and
Remote Consultation
.

Figure 4: Clinical Applications of Al in Prosthodontics
Figure 4 shows the Clinical applications and Translational impact of Artificial Intelligence in Prosthodontics with
emphasis on its use for diagnosis, treatment planning, custom prosthesis manufacturing, automation, tele-dentistry, and

precision dentistry.

10. Current Challenges and Limitations

Although there has been a remarkable progress in
artificial intelligence (AI) applications in dentistry, there
are still many obstacles that prevent its extensive use in
the clinical environment. The performance of Al
algorithms strongly depends on the existence of high-
quality, large-scale, well-curated databases; nonetheless,
many available datasets lack both variety and
representativeness, posing a risk of data annotation bias
and lack of generalizability. Besides, a "black box" aspect
of some algorithms hampers their interpretability. Robust
clinical evaluation of Al systems with the help of
multicenter prospective studies is still deficient.
Algorithmic bias, accountability issues, and ethical
considerations regarding informed consent pose serious
challenges and demand elaborated governance
approaches. Protection of patient privacy, including
secure storage and cybersecurity of electronic health
records, is also an important task due to an increasing use
of Al systems. Furthermore, regulatory approval is
difficult due to the fact that there is yet no set standards
for the assessment of Al-driven dental devices. Lastly,
there are barriers towards adoption of Al in clinical
settings due to the expense of implementation, lack of
digital infrastructure, insufficient training of clinicians,
non-interoperable systems, and reluctance to change the
workflow process. In solving all these shortcomings
through the use of standardized datasets, transparent
algorithms, and validations, among others, would prove
very important for the future of Al dentistry.

11. Emerging Trends, Research Gaps, and Future
Perspectives

Future trends in Al are bound to play a huge role in the
future of dental disease diagnosis and prosthodontic
treatment planning. Explainable AI is one way of
improving the process since the clinician will be able to
know how certain diagnostic or treatment suggestions are
arrived at hence increasing clinical accountability and
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trust in the Al system. Foundation models and next-
generation deep learning are some of the Al concepts that
can be useful in making generalizations in areas such as
imaging modalities, diseases, and patient population.
Large language models can help in clinical decision-
making, prosthodontic training, patient interaction, and
documentation, but need careful validation of results. The
use of digital twins and virtual patients might enable
simulation of treatment results before any action is taken,
while autonomous decision support systems can help
physicians during complicated rehabilitation processes.
Future  precise  prosthodontics  might involve
individualized Al-based models with consideration of
anatomical, functional, aesthetic, and biological
parameters. At the same time, there are many
shortcomings such as the absence of large multicenter
datasets, validation of results, annotated data for
prosthodontics, interoperability, and lack of explainability
of the models. In the future, it is necessary to conduct
prospective clinical trials, analyze costs, regulate the
application of Al in medicine, and develop a human-
centered workflow.

12. Conclusion

Through the application of artificial intelligence (Al) and
deep learning techniques, there has been significant
progress in the field of disease detection and
prosthodontic treatment planning in dentistry due to fast
and data-driven decision-making process. Computer
vision and deep learning have made it possible to detect
oral diseases automatically and plan personalized
prosthodontic rehabilitation through the use of diagnostic
and planning processes which utilize Al technology. In
addition, the combination of Al technology with other
digital technologies like CAD/CAM systems, intraoral
scanner, facial scanner, virtual articulator, and cloud
computing platforms has made this process easier.
However, some challenges persist which hinder the
implementation of these technologies in the clinic. These
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challenges include the issue of heterogeneous datasets,
insufficient external validation, interpretability of models,
ethics of usage of the model, regulations and lack of
interoperability. These issues need to be solved through
standardizing of data sets, developing transparent
algorithms, multicenter clinical validation and
governance frameworks. The future of explainable
artificial intelligence, multimodal learning, foundation
models, and digital twins is anticipated to enhance
diagnostic accuracy and patient-specific treatment
planning. Instead of replacing doctors, Al technologies
must be understood as a smart decision-making tool that
works alongside professional knowledge to optimize the
process of  treatment.  Collaboration  between
prosthodontists, researchers, engineers, regulators, and
industry participants will be vital in transforming
innovative Al tools into practice.
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