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Abstract The core of invisible orthodontic treatment planning is to predict a clinically feasible
target tooth arrangement from the initial state of the patient’s dentition and further design a smooth
and biologically plausible tooth movement sequence that gradually transitions from malocclusion
toward the planned outcome. In recent years, learning-based tooth arrangement methods have
achieved encouraging progress. However, most existing pipelines still depend on dense

supervision from real 3D dental model sequences. In routine clinical practice, such sequential
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intraoral scans are rarely available due to the high cost of repeated acquisition, limited scanning
frequency, inconsistent patient compliance, and other practical constraints. Consequently, the
scarcity of paired and temporally ordered 3D dental models has become a critical bottleneck that
hinders the deployment of intelligent orthodontic technologies and applications. To address this
challenge of data scarcity, this paper proposes a an animated video-guided 3D dental model
reconstruction framework for reconstructing dental model sequences throughout the orthodontic
process. Rather than requiring real 3D dental model sequences as ground truth, the proposed
framework leverages readily accessible orthodontic animation videos as a source of weak
supervision, since such videos explicitly depict progressive tooth movements and provide rich
temporal cues about how tooth poses evolve over time. The proposed method formulates 3D
dental model reconstruction as conditional distribution learning over per-tooth rigid transformation
matrices and optimizes it by introducing a diffusion probability model (DPM). The diffusion model
operates in the space of tooth transformation matrices (e. g. , rotations and translations for each
tooth) and learns to denoise from a Gaussian prior to plausible transformation sets conditioned on
multimodal inputs. By integrating the tooth pose information contained in the top-down views of
dental arches and the geometric prior information of the pre-orthodontic 3D dental model as
conditions, the diffusion model is guided to generate 3D dental models movement sequences
corresponding to video frames. To stabilize learning under weak supervision, the DPM is trained
in a two-stage strategy. In the first stage, the model is trained to predict the post-orthodontic 3D
dental models, which provides a strong initialization and equips the network with the fundamental
ability to infer per-tooth rigid transformation matrices from images. In the second stage, the
trained diffusion model is fine-tuned for intermediate reconstruction by conditioning on the
combination of 2D feature encodings of the dental arch in the video and the 3D feature encodings of
pre-orthodontic 3D models. This fine-tuning stage encourages the model to generate a temporally
coherent sequence of intermediate states, where adjacent frames correspond to small pose
updates, and the overall trajectory forms a continuous transition from the initial malocclusion to
the predicted final arrangement. Because real 3D dental model sequences are not available as
supervision, a differentiable rendering-based tooth pose constraint loss is further introduced to
provide cross-modal weak supervision. Concretely, the generated 3D dental model is
orthogonally projected under a differentiable renderer, producing 2D projections that can be
compared directly with the corresponding animation frames. Then, the model is optimized by
maximizing structural similarity between the rendered projections and the video frames, where the
objective supplies frame-wise supervisory signals without requiring intermediate 3D labels.
Experimental results show that the proposed method can effectively capture subtle inter-frame
variations in tooth pose and reconstruct smooth, realistic tooth movement sequences consistent
with animation videos, highlighting its potential to alleviate supervision bottlenecks and facilitate
more scalable learning-based orthodontic planning.

Keywords 3D dental model reconstruction; orthodontic movement sequence; conditional

diffusion model; cross modal information fusion; weakly supervised training
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Background

This paper belongs to a topic in the field of artificial
intelligence-assisted orthodontics. Although numerous studies
have explored the use of deep learning methods to predict tooth
alignment and orthodontic processes, there is currently no
publicly available dataset containing orthodontic movement
sequences of 3D dental models. In clinical practice, obtaining
such 3D orthodontic sequences is also highly challenging, which
significantly hinders progress in intelligent orthodontics research.
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the orthodontic process. By leveraging a diffusion model to learn
the distribution of tooth poses from occlusal views, the proposed
method generates 3D dental models corresponding to each frame
of the orthodontic animation video. This paper offers not only a
potential source of synthetic training data for related tasks but also
a novel direction for data generation in the field, thereby
facilitating  further of orthodontic

development intelligent

technologies. Furthermore, this paper lays a solid technical
foundation for remote diagnosis and treatment by enabling 3D

dental model reconstruction from intraoral video data.



