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Abstract. Among the current challenges in human soft tissue modetingiedical
purpose, the ability to model complex anatomical strucutieeir interactions and
to accurately simulate them with physical realism are inftirefront of research.
This paper describes a discrete soft tissue model whichasedetoward solving
these challenges. In this model, objects can be describedlasetric or surfacic
sets of nodes depending on the level of precision requiredielsl have their own
physical properties and a definition of their neighborhoatl.these objects are
submitted both to internal cohesive forces and to exterttedctive or interaction
forces with other objects. Volume preservation is congidesis a constraint. The
model is applied to the simulation of the prostate and itsosunding organs.
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1. Introduction

Many algorithms have been proposed for interactively miodeleformable objects such
as human soft tissues. However very few have attempted tdaiencomplex organ inter-

actions. Among the existent physically-based deformaladets, two main approaches
are taken[1]: the biomechanical approach, an accurate fbert slow method and the

computational discrete approach, a relatively fast methloidh main drawbacks are un-
stability, bad physical realism and non-preservation efitblume. For both approaches,
there are few examples of the integration of multiple dyraimieractions between soft
organs and their environment. In this paper, a discretetissfie model is presented. Its
originality is to integrate interaction between a giventsofjan and the surrounding or-
gans. After a brief description of the model, comparisonthwiher soft tissue model-

ing methods are proposed in order to validate the correstard performances of our
model.

2. Model Description

The proposed model is a volumetric evolution of a surfacideiaeveloped in [2]. The
components of the model are all derived from a main basis ef s@des. A model is de-
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scribed using the Physical Model Language (PML) [3]. Eactlendescription contains
a list of its neighbouring nodes and different propertiegadeling on the type of com-
ponent it belongs to (rigid to model skeleton, deformablentmdel soft tissues and ac-
tive deformable to model muscles). Our approach allows fmd®bjects not only with
nodes on the surface but also with interior nodes. A new feastithe model allows the
user to choose to model each component either with a suidasicription (for example
a cavity like a bladder) or a volumetric description (a padstor example). Components
can then be easily stitched together: connections betwedesnare defined directly in
the neighborhood.

To generate displacements and deformations, forces aliedpp the different parts
of the model. Three kinds of forces can be used: force fields ¢gavitation force), lo-
cally applied forces (e.g. forces generated by the usersiriments) and local shape
memory forces to model deformable properties. The latteiuged to compute the elas-
ticity property thanks to the introduction of a local shapemory force generated on
each node of the elastic component. Constraints are addedctes in order to model
complex behaviours and to maintain some conditions like-pemetrating volume. In-
compressibility is achieved through a constraint for stidand volumetric component.
To solve the system dynamics, the forces on each node areetigimd the equations of
motion are integrated taking into account constraints. dmgare with classical mass-
spring models, our model can guarantee strict volume prvatien. It also presents a
better stability, as shown in [2]. The next paragraph pres#ére first comparaisons of
physical realism with other soft tissue modeling methods.

3. Validation

First, the model has been validated with well-proven sefitte modeling methods. The
Truth cube [4] data have been used as first validation of tlysipal realism of the model
(see Figure 1). With these data, we have been able to comgardata with both our
model and the Finite Element Method (FEM) taken as a "golddsted” of soft tissue
modeling. The results of the two approaches are very siniilgfierences between real
data and FEM in one side and our model in the other side arelé&sdithan 0.2 mm for
5% compression for example (mean real displacements of 2.64(swe [5] for more
details).
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(a) Applied displacements (b) 5% Compression (c) 12.5% Gesngion (d) 18.75% Compression

Figure 1. Truth cube Experiments: a compression is applied on the edpl@s, bottom nodes are constrained
to a null displacement

The second stage of the validation deals with the simulatioendorectal echo-
graphic probe influence on prostate shape in function ofddadilling. Organ shapes
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are simplified but proportional scales are respected. 8®é$ias a volumetric descrip-
tion while bladder and bones are represented with surfadesiBladder and prostate
are stitched together with a limited number of nodes and dipenbde of the bladder

is fixed for each simulation. A pressure is applied upwarddimshe rectum, resulting

in a compression force that deform the prostate (see Figae Rrostate and bladder
are both incompressible. Different bladder filling have hegperimented (see Figure
2.b). Measured deformations correspond to those obserugupdsurgical gestures like

brachytherapy and biopsy. Thus, the prostate tends to be deformed when the blad-
der is empty than when the bladder is full.

(a) Applied loads (b) Different bladder shapes

Figure 2. Model of the prostate and different bladder fillings

4, Discussion and Conclusion

In this paper, a new approach to soft tissue modeling whiclel suited to model
interactions between organs has been proposed. The prdseatiel allows to show that
interacting organs can be simply defined. Our next work istoiporate the interactions
with instruments and to model organs which fit better witH ceees.
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