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[Abstract]

This study proposes a novel multimodal transformer framework for automatic dental prosthesis design,
addressing the structural and functional limitations of existing computer-aided workflows. By robustly
fusing 3D intraoral scans, 2D oral images, and optional facial scans, the architecture captures both
topological constraints and broader esthetic contexts. A key innovation is the autoregressive mesh token
decoder, which directly predicts vertices and faces, intentionally bypassing Signed Distance Field (SDF)
or voxel intermediate representations. This eliminates the resolution-memory trade-off and preserves
intricate details such as cusp tips. Furthermore, an inline occlusion validation layer is embedded during
the generative sequence to dynamically mitigate collisions, thereby reducing the inefficiencies of
post-hoc morphological revisions. To ensure clinical integration, a beam-search-based human-in-the-loop
candidate management protocol is employed. Quantitative evaluations demonstrate significant
improvements: post-design occlusal adjustments decreased from 2.3 to 0.5 per case, GPU memory
consumption fell from 4.2 GB to 2.5 GB, and single prosthesis generation time was reduced from 180

to 120 seconds, while achieving a cusp-tip reconstruction accuracy of 90-96%.
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I. Introduction
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II. Preliminaries

1. Knowledge-based CAD System for Dental
Prosthesis Design
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2. Deep Learning Approach for Dental
Prosthesis Generation
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3. Transformer-based Direct Mesh Generation
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5. Occlusal Analysis and Validation in Digital
Dentistry
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III. The Proposed Scheme

1. System Overview
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Fig. 1. Overall pipeline of the proposed multimodal
transformer— based automatic dental prosthesis design
framework

2. Cross-Modal Feature Alignment Module
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3. Autoregressive Mesh Token Decoder
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IV. Experiments and Results

1. Experimental Setup
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2. Quantitative Evaluation
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Table 1. Dataset
considerations

composition and reproducibility

Category Description in This Study

3D intraoral scans, 2D intraoral
images, and optional facial scans
Patient-level separation of training,
validation, and evaluation sets
Acquired using multiple clinical
intraoral scanners: detailed model
names are disclosed only within
institutional policy limits
PyTorch-based CUDA- accelerated
GPU workstation
The exact absolute sample size is
undisclosed due to institutional
policy, but the dataset was sufficient
for multi-epoch training and
comparative evaluation
Full reproducibility is constrained by
the non-public scope of the dataset:
future expansion to a multicenter
public dataset is necessary

Data Modality

Data Partition
Principle

Scanner Type

Training
Environment

Dataset Scale

Reproducibility
Limitation

3. Quantitative Evaluation Protocol
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Table 2. Expanded evaluation metrics for geometric
accuracy and occlusal validity

Evaluation Definition and Remarks
Metric Clinical Relevance
Quantifies the
shape discrepancy Examples:
Geometric between the Chamfer
Accuracy generated mesh distance, surface
and the reference error distribution
anatomy
Evaluates functional .
Examples:
. adequacy through o
Occlusion- ; collision volume,
inter-arch L.
Related . minimum
L interference,
Quantitative clearance,
) occlusal clearance, }
Metrics contact-point
and contact distribution
distribution
. Interprets clinical Further
Margin and - .
Proximal seatability through refinement of
margin continuity precision-fit
Contact ) L .
and proximal indices is
Assessment . .
contact stability required
. ifi
Uses paired .Spec C
case-wise inferential
Statistical ) results require
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4. Qualitative and Expert Evaluation
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5. Ablation Study

EAYA £0 74 920 45 7101 3] 9
ol WA A7 ES MEsiact RN HA| 2E A
) 5208 A 231 25 280l IR goBz,

SOl 2 74 @A APIEE T Al s Al

obAbI} QIAMAl ojol2 Aejsoic). Eb] HE|RY goto
Ao mer BE Qlefl vy A5 ARE Y Ah

o?.:o

o], Morton ordering2 A|HA QMY
S8 el A AE 7t 2

gttt Table 32 ol2igh 7} ©&9] 7]% @}%}ﬂ} A Al
oA} AJ8FS sty @ u|wdlt Zo|n, Fig. 22 29 A

Oﬂ beam search
Hof 3

Multalmodal Fusion il 'Occvlusmn ’

Validation
N v
Clinical Performance ’
A L
Morton Odering Beam Search Candidate
Management

Fig. 2. Conceptual visualization of the contribution of
multimodal fusion, inline occlusion validation, Morton ordering,
and beam-search—based candidate management.

6. Failure Cases and Limitations
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Table 4. Comparison of major features between the proposed method and recent existing frameworks
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V. Conclusion
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