
Excellent agreement with Lattice Boltzmann 
reference results validated the diffusion model.

• A multiphysics framework was developed to 
predict cell fate in porous microcapsule-based 
regenerative microenvironments.

• Membrane porosity and thickness were identified 
as key parameters controlling growth factor 
transport and release kinetics.

• Microcapsule positioning significantly influenced 
MSC migration, proliferation, and differentiation, 
with central placement producing the strongest 
response.

• The framework provides a predictive tool for the 
rational design of bioactive delivery systems and 
tissue-engineering strategies.
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Cell behavior plays a fundamental role in tissue regeneration and is regulated by biochemical signals 
such as growth factors [1-3]. The therapeutic effectiveness of these molecules depends not only on 
their biological activity but also on their spatial and temporal delivery within the extracellular matrix 
(ECM). Porous microcapsules have emerged as promising carriers for controlled release [4, 5]; however, 
predicting how microcapsule design influences cellular responses remains challenging.
This work presents a multiphysics computational framework that couples growth factor diffusion with 
mechanobiological models of cell migration, proliferation, and differentiation. The objective is to 
predict cell fate and identify optimal microcapsule designs for regenerative medicine applications.
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Mathematical models of diffusion-controlled system Mathematical models of cell behavior

𝐅𝐅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑒𝑒𝑒𝑒𝑒𝑒 + 𝐅𝐅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝐅𝐅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 0,

Objective

Develop a predictive computational tool for the 
rational design of porous microcapsules used 
in regenerative medicine. The framework 
evaluates how membrane porosity, thickness, 
and capsule positioning influence growth factor 
transport and subsequent cellular responses, 
enabling optimization of tissue-regeneration 
strategies.

Multiphysics Framework

𝛾𝛾𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝0 ≤ 𝛾𝛾𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  & MI = 1

1 mother cell → 2 daughter cells

𝛾𝛾𝑑𝑑𝑑𝑑𝑑𝑑0 ≤ 𝛾𝛾𝑑𝑑𝑑𝑑𝑑𝑑 & MI = 1

MSC → Specialized cell𝜖𝜖𝑝𝑝
𝜕𝜕𝑐𝑐
𝜕𝜕𝑡𝑡

+ 𝛁𝛁 ⋅ −𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒,𝑖𝑖 𝛁𝛁𝛁𝛁 = 0,

𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒,𝑖𝑖 = 𝜖𝜖𝑝𝑝
𝜏𝜏
𝐷𝐷𝑚𝑚 , 
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Conclusions 𝑡𝑡𝑠𝑠𝑠𝑠 = 𝛼𝛼𝜖𝜖𝑝𝑝
𝛽𝛽𝛿𝛿𝛾𝛾,

Predictive equation for microcapsule design:

Results and Discussion

Cell Fate Regulation

Diffusion Tuning

Configuration Response
No capsule Low

Peripheral capsule Moderate
Central capsule Highest

Central capsule placement produced the strongest migration, proliferation, and 
differentiation response due to synergistic biochemical and mechanical 

stimulation.

Porosity
(𝜖𝜖𝑝𝑝)

Thickness
(𝛿𝛿)

mailto:mpoursaberi@unizar.es

	Número de diapositiva 1

