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Application of “rigid registration” and “non-rigid registration” in digital stomatology three-
dimensional point cloud data
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[Abstract] With the development of digital technology, three-dimensional (3D) point cloud data is becoming more and more widely
used in oral clinical digital diagnosis and treatment, involving many aspects such as 3D morphological comparison analysis, virtual
patient construction, and defect morphological reconstruction. At present, "rigid registration" and "non-rigid registration" technologies
have played important roles in the clinical application of oral 3D point cloud data. The similarities and differences between the two
technologies and the algorithm principles behind them are worth in-depth discussion and exploration, so that they can better serve the
clinical practice and scientific research of stomatology. The author’s team has a certain working basis for the application and research
of “rigid registration” and “non-rigid registration” technologies. This article will explain the concepts, algorithm principles and their
application in the field of stomatology, and summarize and prospect them to provide reference for the application of oral clinical and
scientific research to the two technologies.
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A: Flowchart of PA algorithm for “rigid registration” of 3D point
cloud data. B: Flowchart of ICP algorithm for “rigid registration” of 3D
point cloud data.
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Figure 1  Flowchart of “rigid registration” for 3D point

cloud data
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Figure 2

Flowchart of “non - rigid registration” for 3D

point cloud data
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Table 1 Advantages and disadvantages of ICP-based and PA-based methods

Method Advantages

Disadvantages

ICP-based Able to leverage the overall or local 3D morphological in- Processes facial 3D morphological information uniformly, ex-

method formation of the data

hibiting limited adaptability to regions with deformities

No manual landmark annotation required, low reliance on Depends on the initial alignment of the data and is suscepti-

experience, and high degree of automation
PA-based Able to leverage key landmark information
method

ble to convergence to local minima

Disregards the local 3D morphological information surround-

Expert experience is introduced through manual landmark ing the landmarks

annotation, and excluding unreliable landmark points en- Highly reliant on expert experience, with limited reproduc-

hances clinical suitability

ibility and decreased automation
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Table 2 Comparison between “rigid registration” and “non-rigid registration”
Registration Advantages Limitations Application Scenarios
Rigid Offers high computational efficiency, fea- The registration performance is sus- Data comparison and analysis

registration tures a simple algorithm, and is easy to im- ceptible to factors such as deformities, Construct virtual patient

plement

defects, and the precision of the data

Establishment of symmetry plane

Requires few parameters, produces stable Unable to accommodate tissue defor- Defect repair design

outcomes, and is suitable for datasets with mation

minor deformations, such as the mandible
Non-rigid

registration  gree of freedom

The algorithm is flexible and offers a high de- The method is computationally inten- Construct structured data

sive and time - consuming, and it re- Morphological analysis of data

Able to accommodate deformations of ana- quires an adequate initial spatial align- Build data features

tomical structures, making it suitable for soft ment between the datasets

tissue datasets

Completion of missing data

Lacks sufficient personalization in the

completion of missing data
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