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Motivation 
Highly efficient and accurate treatment planning is of intense 
research interest to the field of digital dentistry, and many efforts are 
being made to achieve these goals, such as those devoted to model 
preparation, tooth segmentation, and tooth alignment. However, it is 
still challenging to precisely model the coordinates or pose of 
individual teeth in digital models, especially with high degrees of 
freedom. 
Accurate tooth pose enables the precise simulation of three-
dimensional (3D) tooth movement and can help elucidate the optimal 
force magnitudes and directions in orthodontics and implants. Current 
solutions used in clinical software require heavy manual work, which 
is time-consuming. An accurate and efficient system that can 
automatically characterize individual tooth pose in digital dental 
models is needed to fully automate the treatment planning process. 

Front In
form Technol Electro

n Eng



Main idea 
We propose a novel, automatic, and efficient model for accurate 

tooth pose estimation using deep learning to address this challenge. 
We have built a large dataset with 12 991 patients (358 481 tooth 

scans), and each tooth is associated with an annotated rigid 
transformation provided by human experts.  
We have designed a novel neural network based on Edge-Conv 

blocks and resolved the tooth pose estimation problem with two 
jointly optimized tasks by estimating the corresponding translation 
and rotation transformations.  Front In
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Method 
1. Data preprocessing and statistics and deep learning based tooth 
pose estimation 

Problem formulation and overview of TP-Net: (a) visualization of tooth pose estimation 
by predicting its orientation and location; (b) detailed architecture design of TP-Net, 
which consists of a feature extractor backbone and a two-branch estimation head 
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Method 
2. Experimental setup and evaluation 
We conducted a comprehensive ablation study on a small dataset, 
consisting of 1500 patients (80% for training and 20% for testing) randomly 
selected from the whole dataset, to evaluate the effectiveness of each loss 
function. We chose a popular deep learning method, PointNet, for point 
cloud processing, as our baseline. The overall performance was reported 
with the large dataset. 
We evaluated the translation and rotation results for tooth pose estimation 
separately. The translation error was measured by the average L1 and L2 
norms between the estimated and actual translation vectors. As for the 
rotation, we reported the average geodesic distance Lg, as well as the 
average Euler angle error along the Cartesian X-, Y-, and Z-axis, i.e., Xe, 
Ye, and Ze. We further demonstrated the clinical and industrial utility by 
comparing the inference time of our method with that of human experts. 
More statistical analyses and visualizations were also reported. 
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Major results 

Visualizations of estimated 
orientation and ground truth:  
(a) visualization of multiple 
teeth with different scales of 
Euler angle errors;  
(b) visualization of four 
patients with small or large 
mean angle errors 
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Conclusions 

We proposed an accurate and automatic 6-DoF tooth pose 
estimation system. The system showed good feasibility with a  
large dataset and has been integrated into a real-world clinical 
orthodontic system to assist dental diagnosis in orthodontics.  

Our work revealed that deep learning and artificial intelligence 
possess great potential for developing more intelligent and 
efficient digital dental solutions. 
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