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Introduction
Computational Methods are widely used in physics and engineering. In recent years, efforts are being made to ex-
tend the usefulness of such methods to biological questions, notably tissue development, responses and degrada -
tion. The computational method of choice depends mostly on the stated problem. Roughly,  continuum methods 
have great merits at the whole-tissue level of description, cellular automata are used to unravel the emergence of 
complex behavior from simple rules, and grid-based Cellular Potts  models provide a versatile tool to investigate 
tissue behavior at the cellular scale, but the results are not always easy to interpret and the extraction of physical  
parameters can be difficult. 
Particle-based methods to simulate increasingly large biological systems are currently gaining recognition and mo-
mentum. Their major weakness is the high computational cost, their strengths are a general consistency with basic 
physics,  high  versatility  and  extensibility  to  multi-scale  models.  The  computational  cell  mechanics  group  at 
MeBioS, KULeuven, presents recent advances in several particle-based methods.

Materials and Methods
We developed an individual-cell-based model for cell aggregates such as yeast colonies which are a model system 
for collaborative tissue formation from individual cells. Cells are represented as discrete elements which interact  
through physical forces. 
Furthermore, cell micromechanics models are presented, which make use of the smoothed particle hydrodynamics 
method to predict the response to a fast impact on both cellular tissue and single cells. Additionally, we will show-
case a newly developed method – non-inertial SPH (NSPH) – which simplifies the SPH equations explicitly for 
low-Reynolds-number systems, thereby providing a speedup of the simulations of several orders of magnitude.
Lastly, we introduce  a recently developed deformable cell model for more detailed individual-cell based simula-
tions.

Results
We will show applications of the particle-based methods presented in different fields of biological physics: yeast  
colony formation for the individual cell-based models, plant-tissue impact simulation for the standard SPH method, 
red-blood-cell deformation in Poiseuille flow for the NSPH method and cell spreading for the deformable cell mod-
el.

Discussion
All presented computational results are in very good agreement with experimental results on the subjects. However, 
the presented methods can and need to be further refined and adapted for specific problems. A general improve -
ment would be to increase the speed of particle based simulations through the choice of appropriate algorithms and  
simulation platforms: Using GPGPU (via CUDA) in a specific class of simulations showed a speedup of >30x. Fur -
ther parallelization (using e.g. MPI) is being investigated to also allow simulations with more particles.

Conclusion
By further developing the presented particle-based methods, we hope to provide researchers and in the future medi-
cal doctors with tools to assess cellular tissue responses to procedures in silico. That our individual-based models 
already help to optimize procedures for tissue engineering, is showcased in the poster of B. Smeets.


