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Bio-Inspired Microfluidic Platform for Biomechanical Analysis 
 

Bio-Plan 
 

vacancies for PhD candidates and postdoctoral researchers 
  

Overall project summary 
 
The positions are part of the ERC-AdG research project called “Bio-Plan”, in which we envision the 
following research. 
 
Biomechanical interactions between cells and their environment are essential in almost any biological process, 
from embryonic development to organ function to diseases. Hence, biomechanical interactions are crucial for 
health and disease. Examples are hydrodynamic interactions through fluid flow, and forces acting directly on 
cells. Existing methods to analyze and understand these interactions are limited however, since they do not offer 
the required combination of precisely controlled flow and accurate applying and sensing of forces. Also, they 
often lack a physiological environment. A breakthrough in biomechanical analysis is therefore highly needed. 
 
We will realize a novel microfluidic platform for biomechanical analysis with unprecedented possibilities of 
controlling fluid flow and applying and sensing time-dependent forces at subcellular scales in controlled 
environments. The platform will be uniquely based on bio-inspired magnetic artificial cilia, rather than on 
conventional microfluidic valves and pumps. Cilia are microscopic hairs ubiquitously present in nature, acting 
both as actuators and sensors, essential for swimming of microorganisms, transport of dirt out of our airways, 
and sensing of sound, i.e. they exactly fulfill functions needed in biomechanical analysis (see Fig. 1). Fig. 2 
shows artificial cilia we have previously developed in our lab. 
 
In Bio-Plan, we will develop novel materials and fabrication methods to realize microscopic polymeric 
artificial cilia, and integrate these in microfluidic devices. Magnetic actuation and optical readout systems 
complete the platform. We will apply the novel platform to address three fundamental and unresolved 
biomechanical questions: 1. How do hydrodynamic interactions with actuated cilia steer cellular and particle 
transport? 2. How do local and dynamic mechanical forces on cells fundamentally influence their motility and 
differentiation? 3. How do hydrodynamic interactions between cilia steer embryonic development?  
 
This unique platform will enable to address many other future biomechanical questions. 
 

  
Figure 1: Cilia are microscopic hairlike structures, that 
function as actuators (flow generation) or sensors (shear 
stress) in many biological systems, including our own body. 

Figure 2: Artificial cilia, magnetically actuated, realized in our 
lab, made with various microfabrication approaches. 
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Available positions 
 
Within this project, we have several positions available of PhD candidates and postdocs. We are particularly 
looking for researchers that are interested in the following topics: 

• Developing and analyzing an artificial cilia-based microfluidic platform for cell manipulation and force 
sensing. 

o Quantitative characterization, and eventually control, of cell and particle transport, in 
combination with fluid flow and force measurements.  

• Applying the platform to study fundamental of cell biomechanics: 
o Culturing of mesenchymal stem cells on microscopic artificial cilia surfaces  
o applying controlled local forces on cells cultured on the “ciliated carpets” 
o studying the cellular response (motion, morphology, differentiation, phonotypic changes) 

 
What we are looking for 
 
We are looking for enthusiastic PhD candidates and postdoctoral researchers with a background in 
biomechanics, mechanical engineering, or biomedical engineering, who enjoys to work in a multidisciplinary 
academic environment and has interest in basic research without forgetting about its practical applications. The 
ideal candidate would have experience in cell biology, cell culture and analysis, biomechanics, microfluidics, 
and (bio)fabrication, but excellent candidates with a background in one area (and an interest to master the other) 
will also be considered. Important personal skills include a proven ability to manage projects, to communicate 
clearly both spoken and written, to collaborate within a multidisciplinary team and to be self-driven.  
 
 
Information 
 
Please contact prof. Jaap den Toonder (j.m.j.d.toonder@tue.nl) for more information. 
 


