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ABSTRACT

Three—Dimensional Dental Implant Surgery Planning
Using Geometric Characteristics of Teeth

Hyungwook Park

Advisor : Prof. Myong Soo Kim, D.D.S., Ph.D.
Co—advisor : Prof. Hyung—Jun Park, Ph.D.
Department of Biodental Engineering

Graduate School of Chosun University

Recently, dental implants are becoming popular because of aesthetic and
convenience in modem society. In order to increase the success rate for this,
it is very important to establish an appropriate treatment plan before
placement. Although recently a method of utilizing the 3D model based on
dental medical image has been used widely, implant position and orientation
are determined primarily by an operator's experience and subjective
judgement. So this may lead to a deviation of the procedure.

In this study, we propose a way to determine the position and direction
of implant through the processing of the three-dimensional geometric model

of the teeth and oral cavity. By using the method obtained above, we
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Collection @ chosun



proposes a method for generating a surgical stents that can be used directly
in the implant.

3D mesh model about teeth, jawbone, neural tube which were obtained

through each patient medical image processing are used as an input data. A
minimum enclosing cylinder is obtained by applying the Principal
Component Analysis(PCA) algorithm to the teeth around treatment area. In
the proposed method, the minimum enclosing cylinder is utilized importantly.
A drilling position is placed on the interpolation curve line which is
connecting the top center points of the minimum enclosing cylinders around
operation area considering the radius of the surrounding teeth's cylinders.
An implant's direction is determined through the average by considering the
weight of the center axis of the surmmounding cylinders. In addition, we
estimates the maximum radius and length of a cylinder in an operation area
by considering the interference between the surgery area and surrounding
cylinders and neural model. This result is used when selecting size and type
of an implant.

Based on the direction and the position of implant, an 3D model of
surgical stents are generated. And, we verified the validity of the method
proposed by the finite element analysis. The proposed implant method can
be useful as a dental implant education contents and it is also possible to

provide useful information to establish an implant's plan.
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g8 0l Region growing 24al2 &6t 3XH&

O =5

Otetel dAHE & Rootll Z4ist Noise2l 32 &8 AU

LHOll 2 &= 01 /A= Boolean Operation JIs= &0t KA dle A=

EEolR20, ot oA XIE=0 et Edit JIs & Smooth JIss &

[E 1. Results of ANOVA for Hounsfield unit (HU) and implant][21]

NIL:J’g]tibeenrtsof = =
<30 years 20 767.5+142.8 79.5+4.8
40 years 19 758.1+£202.9 78.6+6.4
50 years 56 730.3+161.3 77.218.4
>60 years 19 683.7+172.3 75.8+11.1

P value 0.407 0.506

[E 2. Comparisons of Hounsfield unit (HU) and implant stability quotient

(ISQ) between sex][21]

Number of
Patients HU ISQ
Male 66 746+150.6 77.3£7.9
Female 48 715.6+188.8 78.1+£8.5
P value 0.331 0.595
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CGAL(Computational Geometry Algorithms Library)[11]2 &Z0t% 20,
= ZZ2)ES Soll 18 274 201 g0t/y= &EXIOHN et =48
gtets ZHotRLE
Home | Intranet
Documentation C G 8
Overview
Online Manual
Installation Guide
Tutorials
All Manuals —
sgm;d Computational Geometry Algorithms Library Secbiosaim
T CGAL45 is re

The CGAL Philosophy
Acknowledging CGAL
Work in Progress
Release History

Support
FAQ
CGAL on Windows
Supported Platforms
Reporting Bugs
Mailing Lists/Forums

Project
People
Getting Invoived
Rules
Partners and Funding

More information
Videos
Events
Classes

Other Resources

Projects Using CGAL
3rd Party Software
Related Links

Search

Collection @ chosu

The goal of the CGAL Open Source Project is to provide easy access to efficient and reliable geometric algorithms in the form of a C++
library. CGAL is used in various areas needing geometric computation, such as: computer graphics, scientific visualization, computer
aided design and modeling, geographic information systems, molecular biology, medical imaging, robotics and motion planning, mesh
generation, numerical methods... More on the projects using CGAL web page

The Computational Geometry Algorithms Library (CGAL), offers data structures and algorithms like triangulations (2D constrained
triangulations, and Delaunay friangulations and periodic triangulations in 2D and 3D}, Voronoi diagrams (for 2D and 3D points, 2D
additively weighted Voronoi diagrams, and segment Voronoi diagrams), polygons (Boolean operations, offsets, straight skeleton),
polyhedra (Boolean operations), arrangements of curves and their applications (2D and 3D envelopes, Minkowski sums), mesh
generation (2D Delaunay mesh generation and 3D surface and volume mesh generation, skin surfaces), geometry processing (surface
mesh simplification, subdivision and parameterization, as well as estimation of local differential properties, and approximation of ridges
and umbilics), alpha shapes, convex hull algorithms (in 2D, 3D and dD), search structures (kd trees for nearest neighbor search, and
range and segment trees), interpolation (natural neighbor interpolation and placement of streamlines), shape analysis, fitling, and
distances (smallest enclosing sphere of points or spheres, smallest enclosing ellipsoid of points, principal compoenent analysis), and
kinetic data structures.

All these data structures and algorithms operate on geometric objects like points and segments, and perform geametric tests on them.
These objects and predicates are regrouped in CGAL Kemels.

Finally, the Support Library offers geometric object generators and spatial sorting functions, as well as a matrix search framework and a
solver for linear and quadratic programs. It further offers interfaces to third party software such as the GUI libraries Qt, Geomview, and
the Boost Graph Library.

License

CGAL is distributed under a dual-license scheme. CGAL can be used together with Open Source software free of charge. Using CGAL
in other contexts can be done by obtaining a commercial license from GeometryFactory. For more details see the License page

[12 26. CGAL Library]
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4.1.2 MEC (Minimum Enclosing Cylinder)

[O& 28. X0t Minimum Enclosing cylinder]
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