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Implementation of FEM simulation techniques for
organ motion modeling in prostate cancer
radiotherapy
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Rationale: prostate motion

Daily variations In

bladder/rectum filling

3

Prostate displacement

3

Modeling / Compensation ?
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N FEM techniques for prostate motion modeling 3

Finite Element Modeling (FEM) of the prostate/bladder/rectum
system:
Interaction between organs

Deformation

between/within structures

Customized on patient-

specific anatomy

ESTRO 25, 08-12 October 2006, Leipzig, Germany _ POLITECNICO DI MILANO



N Materials and Methods: FEM model generation 4

Treatment planning CT

FEM simulation
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| Materials and Methods: FEM model features

Mesh topology:

Tetrahedral mesh
Prostate
Surrounding tissue
Triangular shell :
= Bladder (5 mm)
== 2 | ‘ Rectum (3 mm)

Boundary conditions (fixed nodes):
Antero-inferior bladder surface
Inferior base (anus) and posterior rectal wall
Inferior/posterior edge (bounding box)
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Materials & Methods: simulations

5 prostate patients
Bladder /rectum physiological pressure  (literature)
25 sample values (min-max pressure range):

[-4; 0; 4, 8; 12] KPa (rectum)

[-4, 0; 6; 12; 18] KPa (bladder)

RectumDp —— prostate

FEM model shifts/rotations
BladderDp ——
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Results: FEM simulations
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Results: prostate motion

Significant inter-patient variability
- Kruskal Wallis ANOVA (p_value<0.01)
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Prostate positional variability (1SD)
LL shift |AP shift |[CC shift| LLrot | AP rot | CC rot
[mm] | [mm] | [mm] [ [ [
FEM 0.6 2.5 2.7 6.2 1.6 1.3
Literature 1 4 2-3 4 1 2
T T T




Conclusion

FEM techniques appropriate for prostate motion

modeling
Physical consistency of the implemented FEM model
Patient-specific validation needed (repeated CT scans )

Applicable for FEM-based ITV assessment ?
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Thanks for your attention
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