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Abstract

Accurate assessment of mandibular dynamics is essential for successful prostho-
dontic rehabilitation. Conventional mechanical articulators reproduce only simplified jaw
movements and fail to incorporate neuromuscular influences. Although virtual articulators
improve digital simulation, they remain limited by static algorithms and operator-
dependent inputs. Artificial intelligence (Al) offers a transformative approach by enabling
predictive modeling and adaptive learning. This narrative review synthesizes evidence
from 2010-2024 on Al integration in virtual articulators, evaluating technological advanc-
es, clinical benefits, existing limitations, and future research directions.

Electronic searches were conducted in PubMed, Scopus, Web of Science, and
Google Scholar using keywords including “virtual articulator,” “artificial intelligence,”
“mandibular kinematics,” and “digital prosthodontics.” Studies addressing Al-based man-
dibular modeling or occlusal simulation were included.

Al-enhanced virtual articulators demonstrated improved accuracy in condylar
movement tracking, occlusal contact prediction, parafunctional pattern recognition, and
biomechanical load assessment. These systems reduce operator variability, enhance restor-
ative precision, and optimize digital workflows. However, challenges persist, including
dataset heterogeneity, lack of standardized protocols, and limited interpretability of deep-
learning models. In conclusion, Al-driven virtual articulators show significant promise for
personalized prosthodontic care, though further clinical validation is required.

<

Clinical Significance: Al-driven virtual articulators can improve implant biomechanics,
minimize occlusal discrepancies, decrease prosthetic complications, and enhance the over-
all reliability of digital dental rehabilitation.
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Introduction

Accurate simulation of mandibular movement is essential for designing
physiologically harmonious restorations. Mechanical articulators have served as
indispensable tools in prosthodontics but reproduce mandibular motion through
preset geometries that do not reflect individual neuromuscular behavior. Their
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inability to represent functional and parafunctional vari-
ations limits the precision of occlusal design.[1]
Advances in digital dentistry introduced the vir-
tual articulator, which integrates CAD/CAM technology
and allows digital manipulation of occlusal relation-
ships. However, conventional virtual articulators rely on
mathematical estimations and operator-defined parame-
ters, restricting their capacity to represent true patient-
specific mandibular dynamics.[2] Artificial intelligence
(AD), with its capacity to learn from large datasets and
identify complex patterns, has the potential to transform
digital occlusal analysis. Applications in imaging inter-
pretation, segmentation, orthodontic prediction, and
prosthodontic design have already demonstrated meas-
urable improvements in accuracy and efficiency.[3]
Integrating Al into virtual articulators may shift
digital occlusal simulation from a static representation to
a patient-specific predictive model capable of simulating
neuromuscularly influenced jaw movements. This re-
view consolidates current evidence regarding Al-
enhanced virtual articulators and evaluates their clinical
implications, limitations, and future direction.

Methods

A narrative literature review was selected due to
the emerging nature and methodological variability of
Al applications in digital articulation. Searches were
performed in PubMed, Scopus, Web of Science, and
Google Scholar for studies published between 2010 and
2024. Search terms included
“artificial intelligence,” “

“virtual articulator,”
machine learning dentistry,”

“mandibular kinematics,” “digital occlusion,” and
“prosthodontics Al.”

1. Articles were included if they evaluated

2. Virtual articulator systems

3. Al-based articulator systems,

4. Occlusal simulation enhanced by algorithmic pro-

cessing, or
5. Digital prosthodontic workflows incorporating pre-
dictive modelling
Non-peer-reviewed materials, opinion papers, or
engineering studies lacking dental relevance were

Indian Journal of Clinical Research in Dentistry, Jul-Dec 2025

were excluded. After screening, 42 publications met the
inclusion criteria and formed the evidence base of this re-
view.

Results
Al-Enhanced Mandibular Simulation

Conventional virtual articulators rely on static geo-
metric assumptions that inadequately represent individual
neuromuscular movement patterns. Al-based systems ad-
dress this limitation by training algorithms on large da-
tasets derived from jaw-tracking recordings, CBCT imag-
ing, and electromyographic data. Machine-learning models
can identify patient-specific kinematic signatures and accu-
rately reproduce condylar trajectories during lateral, pro-
trusive, and functional movements',?. Compared with tradi-
tional digital models, Al-enhanced virtual articulators
demonstrate significantly improved motion fidelity and
adaptability.
Predictive Occlusal Modelling

Predictive occlusal modelling represents one of the
most clinically impactful contributions of Al integration.
Al algorithms can forecast occlusal contact timing, contact
intensity, and load distribution with greater precision than
conventional 3D inspection methods®. These predictive
capabilities enable early identification of potential overload
areas, particularly in implant-supported prostheses, allow-
ing biomechanically optimized restorative designs before
clinical complications arise®. Additionally, Al-based sys-
tems can estimate long-term wear patterns, supporting risk
assessment and preventive planning.
Parafunction and Temporomandibular Joint Analysis

Al has also demonstrated value in detecting para-
functional activity and temporomandibular joint (TMJ)
abnormalities. Deep-learning models can classify mandibu-
lar movement patterns associated with bruxism and identi-
fy irregular jaw cycles linked to TMJ dysfunction’. When
incorporated into virtual articulators, these insights allow
clinicians to design restorations that accommodate func-
tional and parafunctional movements, thereby reducing
mechanical stress and prosthetic failure risk.
Clinical Advantages

Al-enhanced virtual articulators provide multiple
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clinical benefits, including improved accuracy of dy-
namic simulations and reduced need for chairside occlu-
sal adjustments.[6] Enhanced reproducibility has been
reported in complex cases such as full-arch rehabilita-
tions, improving communication between clinicians and
dental technicians.[5] Moreover, integrating neuromus-
cular modelling supports more precise implant position-
ing and occlusal design, increasing treatment predicta-
bility and reducing postoperative discrepancies.[8§]

Discussion

Al-enhanced virtual articulators represent a par-
adigm shift toward individualized and predictive pros-
thodontic treatment planning. Their ability to integrate
neuromuscular behavior, jaw-tracking data, and imaging
records addresses longstanding limitations of both me-
chanical and conventional virtual articulators. This ap-
proach aligns with the emerging concept of the “virtual
patient,” in which facial scans, CBCT datasets, and dy-
namic functional records are combined into a unified
digital model.[10]

However, successful clinical implementation
requires standardized data acquisition protocols, trans-
parent Al architectures, and calibrated digital work-
flows. Collaborative efforts among academic institu-
tions, clinical centers, and technology developers are
essential to establish validated and universally applica-
ble Al-driven articulator systems. Future research
should focus on longitudinal clinical trials and the de-
velopment of standardized mandibular motion recording
methodologies.

Limitations

Despite promising outcomes, several limitations
persist. AI models are often trained on relatively small
or demographically limited datasets, which may com-
promise generalizability. Variability in motion-capture
systems, scanning protocols, and data quality introduces
inconsistency across studies. Furthermore, many deep-
learning models function as “black boxes,” limiting clin-
ical interpretability and acceptance. Prospective clinical
validation remains essential to confirm that Al
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generated predictions translate into improved patient out-
comes.[3]

Conclusion

Al-enhanced virtual articulators have the potential to sub-
stantially improve accuracy, personalization, and predicta-
bility in digital prosthodontics. By integrating neuromuscu-
lar patterns and predictive modelling, they offer a more
realistic simulation of mandibular dynamics than tradition-
al systems. Although challenges regarding dataset diversi-
ty, algorithm transparency, and clinical validation persist,
advancements in Al provide a promising foundation for
next-generation digital articulation technologies.
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