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Cardiovascular diseases are very common today
and there are many difficulties for specialists in cu-
ring them. There are a lot of difficulties in diagnos-
tics. Due to modern technology, today’s medical
instruments can give much more raw data that can be
used for computational modeling, and that kind of
modeling is very common nowadays. The 3D model
of a particular organ is the base for computational si-
mulation.

Computational simulating can be drastically
sped up by parallel computing using a GRID infras-
tructure — thus time need for calculation that would
last for a week (even on good computers) is reduced
to a few hours on few computing nodes.

Computer simulations of blood flow through
the cardiovascular organs give today’s scientists a
powerful advantage. They can provide detailed infor-
mation about circulation of the fluid — velocities,
pressure and shear stress even in the zones that are
very difficult to inspect. Thus a future medical inter-
vention could be planed using information provided
by simulation.

The motivation for this work was the aorta mo-
del in corresponding image format (.stl) that our re-
search center recently received from the University
Clinical Center in Heidelberg from a multislice CT
scanner. In this particular case from raw .stl data
(from CT scanner) using Gmsh [1], and TetGen [2] as
well our own software tools (STL Toolz, 8chvorova)
we created a 3D 8-node (brick) mesh model which is
input for our solver PAKF [3]. Due to a huge number
of finite elements (about 160,000) the calculations
were done on GRID.
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SOFTWARE TOOLS FOR AUTOMATIC
GENERATION OF FINITE ELEMENT MESH
AND APPLICATION OF BIOMECHANICAL
CALCULATION IN MEDICINE*

Cardiovascular diseases are common and a special difficulty in their curing is
diagnostics. Modern medical instruments can provide data that is much
more adequate for computer modeling. Computer simulations of blood flow
through the cardiovascular organs give powerful advantages to scientists to-
day. The motivation for this work is raw data that our Center recently re-
ceived from the University Clinical center in Heidelberg from a multislice CT
scanner. In this work raw data from CT scanner was used for creating a 3D
model of the aorta. In this process we used Gmsh, TetGen (Hang Si) as well
as our own software tools, and the result was the 8—node (brick) mesh on
which the calculation was run. The results obtained were very satisfactory so

MODELING

Useful clinical information is of great value in
medicine, so we think that due to computational mo-
deling and simulating the modern medicine diagnos-
tics will approach a renaissance. Multislice CT
scanners provide very precise 2D images of the or-
gans which are the base for reconstruction of the bo-
undaries that are necessary for creating the mesh
(Figure 1).

Figure 1. Raw .stl from CT scanner
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The boundary is provided in .stl format, which
defines a set of triangles on the object boundary. It is
obvious that the object boundary that is given in raw
stl (Figure 1) is not adequate because there are
many objects that are sufficient. Some of them are in-
dependent and some of them are attached to the ma-
in object (aorta in this particular case).

The first step in creating an adequate boundary
is removing sufficient objects that are not attached to
the main object. This procedure was done using
Gmsh.

In the second step, (step i, Figure 4) sufficient
objects that are attached to the main (aorta) were
cut. This procedure was not as easy as the first one
because those objects were actually parts of the main.
We created a software (STL Toolz) which as input ta-
kes .stl surface boundary with hole (where the parti-
cular object was cut) and as output returns .stl patch
automatically (step ii, Figure 4). There is also a mo-
dule of software which works with two holes where
the aorta is connected with two branches, and other
parts with three or more branches could be reduced
to a two branch variant.

After this the arterial branches were shortened
and the boundary of the model was finished. Patching
was very fine so that we could maintain the smoot-
hness of the boundary (Figure 2).

(AR

Figure 2. Part of the boundary before and after the interven-
tion, triangular structure is visible and nevertheless it is almost
impossible to identify the patch.

MESH

The next part of the work was meshing where
we used TetGen (step iii, Figure 4). As input for Tet-
Gen we used .stl file and result was a tetrahedral
mesh with about 12,000 nodes. The number of nodes
in the mesh was drastically boosted with the number
of boundary nodes (because of the quality of given
boundary — density of the nodes on boundary).

In the next step (step iv, Figure 4) re-—meshing is
done using our application 8chvorova. In this proce-
dure input mesh information (nodes, edges, ele-
ments) is taken from TetGen as well as inlet/outlet
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Figure 3. Re-mesh: 1 tetrahedra into 4 bricks

data from the aorta with arteries by STL Toolz. These
data have information about edges that were "alone"
when the particular part of the main boundary was
cut (and the whole was patched). The result of this
step is standard .DAT input file for our solver. This
file contains data concerning mesh, boundary and ini-
tial conditions, material constants, prescribed ve-
locities.

The mesh created from TetGen is re-meshed
into bricks as shown in the Figure 3.

It is probably obvious from Figure 4 that classes
of the gravity centers are respectively for 1D, 2D and
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Figure 4. Diagram of the whole process
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Figure 5. Shear stress

3D objects (line segments, triangles and tetrahe-
dron). That is very important because the new nodes
in the mesh of tetrahedrons have to be placed cor-
rectly. For the first and second class of new nodes al-
gorithm guarantee that nodes that are same for
neighbor tetrahedrons will be the same (the same no-
des on the same position). The number of nodes was
drastically increased in this re-meshing due to split-
ting of tetrahedra, so in this particular example the
number is increased from 12,000 nodes in the tetra—
mesh to 205,000 in brick mesh. In this re-meshing
procedure the model was also resized adequately.

Figure 6. Velocity

SOLVING

The final step in the whole process was calcula-
tion on GRID. This was done on our GRID site
AEGIS04-KG on 8 computational nodes, and time
used for calculation was about 12 hours.

In Figure 5 (wall shear stress) and Figure 6 (ve-
locity) is shown resulting step in pick of systole.

CONCLUSION

The main idea for whole this work is its practi-
cal medical application in clinics. Preparation of raw
data from CT scanner lasts about 2 to 3 days, mode-
ling and meshing up to 6 hours and solving up to 24
hours, so we think that this approach is not far from
being implemented into real clinical practice.
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IZVOD

SOFTVERSKI ALATT ZA AUTOMATSKO GENERISANJE MREZE KONACNIH
ELEMENATA I PRIMENA BIOMEHANICKIH PRORACUNA U MEDICINI

(Naucni rad)

Danko Z. Milasinovi¢!, Milo$ R. Ivanovi¢', Nenad D. Filipovi¢!*?, Milos R. Koji¢"?

Centar za nauéna istrazivanja SANU i Univerzitet u Kragujevcu
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Kardiovaskularne bolesti su Ceste a u njihovom le¢enju posebnu teskocu
predstavlja dijagnostika. Moderni medicinski instrumenti daju podatke
koji su mnogo podobniji za kompjutersko modelovanje koje je prvi korak
u pravljenju kompjuterskih simulacija. Kompjuterske simulacije strujanja
krvi kroz kardiovaskularni sistem daju veliku prednost nau¢nicima danas
jer omogucavaju da se stekne uvid u cirkulaciju fluida. Motivacija za ovaj
rad su podaci koje je nas§ centar dobio iz Univerzitetskog klinickog centra
u Hajdelbergu sa viSeslojnog CT skenera. U ovom radu "sirovi" podaci is-
koris¢eni su za stvaranje modela aorte. U procesu modelovanja iskoristili
smo Gmsh, Tetgen (Hang Si) kao i splet nasih alata. NasSi alati za modelo-
vanje iskoriS¢eni su za analiziranje 3D omotaca organa i za automatsko
pravljenje 3D zakrpa za rupe na omotacu kao i za generisanje nove mreZe
konacnih elemenata od mreze tetraedarnih. Razvili smo jednostavan al-
goritam sa ciljem pretvaranja mreZe tetraedarnih kona¢nih elemenata u
mreZu osmocvornih (brick) elemenata. Model (3D mesh) odgovarajuceg
organa je osnova za kompjutersku simulaciju, ¢ije je dobijanje drasti¢no
ubrzano zahvaljujuéi paralelnom racunanju vz koriSéenje GRID infras-
trukture. Za proracun koristili smo paralelizovanu varijantu naseg PAKF
solvera. Rezultati proracuna koje smo dobili omoguéili su da se stekne
uvid u brzine fluida, pritiske, smi¢u¢i napon na zidove organa. Po§to su
dobijeni rezultati veoma zadovoljavaju¢i smatramo da je realno ocekiva-
nje da se ovaj pristup primeni u realnoj klinickoj praksi.
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