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SUMMARY 

 

Mesh generation from image-based STL surface showed 

technical limitations such as limited type of elements and 

inflexible modifications leading to bad quality of mesh and 

convergence problem for FE analysis. To improve these 

disadvantages, the objective of the present study was to 

develop a geometrical transformation procedure applied to 

generate point clouds data from image-based STL surface 

model. In fact, this will help mesh from image-based surface 

to be generated in a flexible and efficient manner. To test the 

accuracy and robustness of our methodology, STL-based 

anatomical surface models of rat knees extracted from high 

resolution MRI images and customized image processing tool 

(Simpleware) were used.  VTK and Python were used as 

programming tools to develop our geometrical transformation 

algorithm. Post-processing was performed using PATRAN 

and Abaqus to compare our point-clouds-based mesh with 

STL-based mesh. For the first time, the link between typical 

commercial image processing tools and FE analysis software 

becomes flexible. STL-based surface models can be used to 

perform mesh generation in a flexible manner through our 

geometrical transformation algorithm. Moreover, extracted 

point clouds data can be easily used for adaptive mesh 

refinement purpose leading to reduce computing time and to 

improve the convergence problem of FE analysis. 

 

INTRODUCTION 

 

Medical imaging such as MRI or CT becomes customized 

research technique to acquire individualized anatomical 

geometries and mechanical properties of biological tissues for 

developing musculoskeletal models such as finite element 

(FE) model or multi-body rigid dynamics model [1]. 

Advanced segmentation and reconstruction methods from 

typical commercial tools (Simpleware, Amira, Mimics) have 

been applied on anatomical slide-by-slide images to extract 

surface-based interest structures. STL format has been 

selected as customized exchanging standard with others CAD 

software. In addition, mesh generation has to be performed for 

finite elements analysis. However, use of STL-based surface 

to perform meshing showed technical disadvantages such as 

limited type of elements and inflexible mesh modifications 

leading to bad quality of mesh and convergence problem [2]. 

The objective of the present study was to develop a 

geometrical transformation procedure applied to generate 

point clouds data from image-based STL surface model. 

Consequently, this will help mesh of interest structures to be 

generated for FE analysis in a flexible manner. Moreover, 

point clouds data can be easily used for adaptive mesh 

refinement purpose.   

 

METHODS 

 

VTK (Kitware Inc., USA) and Python (PSF, USA) were used 

as programming tools to develop the following geometrical 

transformation algorithm: 

Point clouds slicing extraction algorithm  

Input: STL-based surface model 

Output: point clouds data 

Begin 

(1) Read surface model from STL file 

(2) Get surface boundary 

(3) Define the number of planes (N-Planes) and the 

number of points per plane (N-Points) 

(4)  Define the normal of slicing plane  

(5)  For each plane until N-Planes are reached  

       (i) Get intersection between surface boundary and 

current plane 

       (ii)  Extract feature edges and points 

(6) Realign all points of N-Planes along the normal 

(7) Write extracted point clouds data in text data file  

End. 

 

To test the accuracy and robustness of our methodology, small 

animal models were used. STL-based anatomical surface 

models of rat knees including bone and cartilage tissues were 

developed using a 7 Tesla MRI imager (Biospec Bruker, 

Germany) and manual segmentation with Simpleware 

(ScanIP) software. 3D Gradient Echo Fast Imaging (GEFI) 

with longitudinal relaxation time (T1) and fat suppression (flip 

angle = 25°, TR = 50 ms, TE = 3.6 ms) was used as MRI 

sequence. The field of view was 26 mm x 26 mm.  Each 

acquisition had 128 adjoining slices with a thickness of 94 µm 

and a resolution of 512×512 pixels leading to a voxel 

resolution of 50 μm x 50 μm  x 94 μm [3, 4].  

 

PATRAN and Abaqus were used to perform post-processing 

step. B-spline algorithm was applied to develop contours from 

point clouds data, and then mesh was generated by using 

Abaqus. Thus, the comparison of customized mesh generated 

mailto:tien-tuan.dao@utc.fr


by using STL-based surface data and that based on our point 

clouds data was realized.  

 

RESULTS AND DISCUSSION 

 

STL-based surface model of rat knee was illustrated in (Figure 

1). Note also that manual segmentation was performed by an 

experimented operator to assure the accuracy of interest 

structures. Moreover, STL 3D surface generation and 

smoothing were realized by using customized fractional-

weights-based marching cube algorithm from segmented 2D-

planar slices.  

 
 

Figure 1:  MRI images and STL surface model of rat knee. 

 

Extracted point clouds data, B-spline reconstruction and solid 

creation of rat femur model were illustrated in Figures 2 and 3.  

 
 

Figure 2:  Slicing plane definition (left) and point clouds data 

(right) of rat femur model. 

 

 
 

Figure 3:  Contours reconstruction using B-spline and solid 

creation using loft function of rat femur model. 

 

Different generated meshes of rat femur model were presented 

Figure 4.  

 

 
 

Figure 4:  (A) STL-based rat femur smoothed mesh 

(3 760 977 tetrahedral elements) generated by using ScanFE 

module (Simpleware); (B and C) Point-clouds-based rat 

femur meshes (40 042 and 11 281 tetrahedral elements 

respectively) generated by using Abaqus software. 

 

According to STL-based smoothed mesh, our methodology 

permitted mesh generation to be performed in a flexible 

manner. In fact, the number of elements can be reduced 

leading to cheaper computing time. In addition, modifications 

can be done directly during mesh generation process to adapt 

to specific simulation purpose such as FE analysis of joint 

contact analysis with large deformation and displacement 

which requires a good quality of mesh leading to convergence 

facilities. 

 

CONCLUSIONS 

 

Geometrical transformation procedure was developed to 

extract point clouds from STL-based surface models. This 

additional procedure is a useful step in the workflow of 

processing and meshing image data for Finite Element 

Analyses.  
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