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(a) Comparison of F/D relationship using the optimal set of material proper-
ties with the ABAQUS simulation, MATLAB simulation, vs. the experimental
measurements.

(b) Stress distribution.

Figure 3.23: FEM Simulation results for the characterization of soft tissue using experimental data
of flat-tip needle indentation.

(with friction). These differences leaded us to a more realistic simulation. Note that the border of
the indenter was rounded to avoid concentration of stresses that affects the results.

Even if the F/D plot of the material can be approximated to a linear shape for some tool-tissue
interactions, in other cases the curvature requires a higher order model. Therefore, the use of a
linear-elastic model (like the one developed in MATLAB) will not satisfy many of the tool-tissue
interactions. Furthermores and as shown in section 2.2.3, the elastic theory is only valid for small
strains (which is not satisfied in this case of study).
The next task will be to run a FEM simulation for a conical-shaped needle, using an hyperelastic
material, and obtain the properties based on experimental measurements.

3.4 Tissue Characterization with a Brain-shaped Phantom
Tissue

As one can see, this thesis has been migrating from very simple approaches (cylinder in compres-
sion) to more complex scenarios, where the final objective is to simulate in 3D the indentation of
a needle into the brain phantom. Every time that we increase the number of nodes and elements,
the FEM computation consumes more time. Hence, at the beginning of this section we studied
the mesh definition for an indentation with a conical needle. Later we ran two optimizations of a
silicone rubber with brain shape using both: flat and conical needles.

3.4.1 Mesh definition

The aim of this stage was the definition of an appropriated mesh for the simulation of conical needle
indentation. Using a block made of silicone rubber with a different composition (ECOFLEX 00-10,
with 30% Slacker, previously calibrated), we indented a needle 10 mm and we registered the force


