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Abstract: A grid-based method is presented to extract tetrahedral meshes from the preprocessed volume data,
during which the isosurface representing the domain boundary is extracted and the volume inside the domain is
tetrahedralized. After the medical volume data is organized into an invisible background grid, a dual method is
employed to construct a continuous triangular surface that piecewise linearly approximates the isosurface. To fill
the isosurface with tetrahedra, cubes either intersecting with or lying within the isosurface are decomposed by using
the precomputed stencils. Finally, Laplacian smoothing is conducted to improve the overall quality of the generated
tetrahedral meshes. Regarding that the numerical analysis demands reduced number of elements and accurate
geometry near the boundary, adaptive meshing method based on octree-structured grid is also explored. Example of
meshing the human distal femur from CT scans is presented, which is applied in the virtual arthroscopic knee
surgery.
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Fig.1 Two-Dimensional illustration of isosurface extraction methods
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Fig.2 Extracting isosurface from regular grid
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Fig.3 Extracting isosurface from octree-based grid
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Fig.5 Stencils for boundary cubes
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Fig.6 T-Junction removal using edge bisection
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Fig.7 Model of distal femur
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Table 1 Distribution of the element quality
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3r/R 0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1.0
HOCHUE 13 389 1119 2 301 4868 4540 2975 1034 476 819
H4r k% 0.069 2.100 6.039 12.406 26.263 24.500 16.056 5.582 2.567 4.419
7 H#RiE

ASSCHRE Y T Foft DB 27 AR B0 T4 2 B DY i A P9 A (1 77 95, P T T N A e L AT B T2 kA A
JIAE R MK B B~ W S P T i 45 80485 23 S UK PR i, 5 s FLORE A6 15 S5 M A R i ) S5 THT 4R TS
TR T P R A R o X A S D U 32 P A [ PR ) 23 BSEAR A ale DY T A B G, O BEUE T BT R AT
T 45 s BR 5 B T AR B R M A A R B B Laplacian P 5 VA A A% 4 s DY T AR R T T AR SC
SR AR (7 DY T A P G 8 0 [ I RS R S A T L AR B AL, PR IR 17 1o A S T 87 L AT

ASSCAX G 8 H ) S AR A, i S B b N A G54 K010 S P81 2 228 TR B 4 T K ) 22 ) RO AR R B AT
WEST B Ah, D T 3k — 20 38 v 0 s R, AT g AT 5 DR AR5 A 1A 28 T~ B3R A3 T 945 40 22 e 1) £k X A A
B

References:

[1] Huiskes R, Hollister SJ. From structure to process, from organ to cell: Recent developments of FE-analysis in orthopaedic
biomechanics. Journal of Biomechanical Engineering, 1993,115(11):520-527.

[2] Viceconti M, Bellingeri L, Cristofolini L, Toni A. A comparative study on different methods of automatic mesh generation of
human femurs. Medical Engineering & Physics, 1998,20:1-10.

[3] Goldmints L. Fast automated imaged-based patient-specific finite element biomechanical modeling [Ph.D. Thesis]. Pittsburgh:
Department of Civil and Environmental Engingeering, Carnegie Mellon University, 2003.

[4] Gao J, Xu W, Ding Z. 3D finite element generation of complicated tooth model based on CT slices. Computer Methods and
Program in Biomedicine, 2006,82:97-105.

[5] Kaminsky J, Rodt T, Gharabaghi A, Forster J, Brand G, Samii M. A universal algorithm for an improved finite element mesh
generation: Mesh quality assessment in comparison to former automated mesh-generators and an analytic model. Medical
Engineering & Physics, 2005,27:383-394.

© HEEREETOR

http:// www. jos. org. cn



86

(6]

(7]

(8]

[9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

Journal of Software 3kfFZ 4% Vol.19, Supplement, December 2008

Shewchuk JR. What is a good linear element? Interpolation, conditioning, and quality measures. In: Proc. of the 11th Int’l Meshing
Roundtable. Berlin, Heidelberg: Springer-Verlag, 2002. 115-126.

Owen SJ. A survey of unstructured mesh generation technology. In: Proc. of the 7th Int’l Meshing Roundtable. Berlin, Heidelberg:
Springer-Verlag, 1998. 239-267.

Ashida K, Badler NI. Feature preserving manifold mesh from an octree. In: Proc. of the 8th ACM Symp. on Solid Modeling and
Applications. New York: ACM Press, 2003. 292-297.

Lohner R. Progress in grid generation via the advancing front techniques. Engineering with Computers, 1996,12:186-210.

Du Q, Wang D. Recent progress in robust and quality Delaunay mesh generation. Journal of Computational and Applied
Mathematics, 2006,195:8-23.

Meyers D, Skinner S, Sloan K. Surfaces from contours. ACM Trans. on Graphics, 1992,11(3):228-258.

Bajaj C, Coyle E, Lin KN. Tetrahedral meshes from planar cross sections. Computer Methods in Applied Mechanics and
Engineering, 1999,179:31-52.

Kwon GH, Chae SW, Lee KJ. Automatic generation of tetrahedral meshes from medical images. Computers & Structures, 2003,81:
765-775.

Lorensen WE, Cline HE. Marching cubes: A high resolution 3D surface construction algorithm. ACM Computer Graphics, 1987,
21(4):163-169.

Kobbelt LP, Botsch M, Schwanecke U, Seidel HP. Feature-Sensitive surface extraction from volume data. In: Proc. of the
SIGGRAPH 2001. New York: ACM Press, 2001. 57-66.

Gibson SFF. Using distance maps for accurate surface representation in sampled volumes. In: Proc. of the Volume Visualization
Symp. Washington: IEEE Computer Society, 1998. 23—30.

Ju T, Losasso F, Schaefer S, Warren J. Dual contouring of Hermite data. In: Proc. of the SIGGRAPH 2002. New York: ACM Press,
2002. 339-346.

Brodlie K, Wood J. Recent advances in volume visualization. Computer Graphics Forum, 2001,20(2):125-148.

Nielson GM, Sung J. Interval volume tetrahedrization. In: Proc. of the 8th Conf. on Visulization. Washington: IEEE Computer
Society Press, 1997. 221-228.

Zhang Y, Bajaj C, Sohn BC. Adaptive and quality 3D meshing from imaging data. In: Proc. of the 8th ACM Symp. on Solid
Modeling and Applications. New York: ACM Press, 2003. 286-291.

Zhang Y, Bajaj C. Adaptive and quality quadrilateral/hexahedral meshing from volumetric data. In: Proc. of the 13th Int’l Meshing
Roundtable. Berlin, Heidelberg: Springer-Verlag, 2004. 365-376.

Molina M, Bridson R, Teran J, Fedkiw R. A crystalline, red green strategy for meshing highly deformable objects with tetrahedra.
In: Proc. of the 12th Int’l Meshing Roundtable. Berlin, Heidelberg: Springer-Verlag, 2003. 103-114.

Eppstein D, Sullivan JM, Ungér A. Tiling space and slabs with accurate tetrahedra. Computational Geometry: Theory and
Applications, 2004,27(3):237-255.

Labelle F, Shewchuk JR. Isosurface stuffing: Fast tetrahedral meshes with good dihedral angles. In: Proc. of the SIGGRAPH 2007.
New York: ACM Press, 2007. 57-66.

FRRR (1976 —), L Wi VL 48 A B 3
TR FLAION T 5L, TSR L R 27

BEE LI (1963 —), U5 1 - B8 1 LA
Uit 3 SEAE A0 Ay e 0L S P T A5 [
LG4

© PIEEER

http:// www. jos. org. cn



