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Statement of Purpose: It has been demonstrated that in 
order for engineered valvular tissues to be suitable for 
implantation and remain functional long-term, they may 
have to be pre-conditioned in dynamic mechanical 
environments [1].  While bioreactor devices have been 
custom built for this purpose [2], to date, no device offers 
the possibility of both: a) coupled/decoupled flow-stretch-
flexure (FSF) stress states, exerted on in-vivo on heart 
valve leaflet tissues, and b) replicate the physiological 
hemodynamic conditions in which this activity occurs.  In 
the present study, we report on our design and evaluation 
of a novel, FSF bioreactor capable of physiological flows 
and its capabilities. 
Methods: Design of the flow component: In order to 
provide fluid induced shear stresses in the physiologic 
range (3-80 dyne/cm2in the case of heart valve tissue) [3], 
a cylindrical pipe design was implemented (Fig.1).  This 
offers two distinct advantages: First, it allows for a more 
efficient development of flow through the chamber of the 
device (as opposed to a rectangular channel design). 
Secondly, a narrow cross-section would result in higher 
fluid velocities at the pipe core and hence translate to 
higher shear stresses on the in-situ tissue samples, while 
still permitting the flow to remain laminar.  Samples were 
loaded into the bioreactor externally via a detachable 
tissue mounting piece (Fig 2) that could be inserted into 
the upper portion of the pipe chamber.  This facilitated 
easy loading of samples into the device. 

 
Figure1: Cross-sectional view of the bioreactor. 

 
Figure 2: Tissue mounting piece, in which samples are 
inserted through the side holes of the piece.  Samples 
have springs threaded on each end which allows pins 
to be slotted to secure them. 
     To provide fluid flow through the U-shaped flow 
chamber, a peristaltic pump (Masterflex, Cole Parmer, IL) 
was implemented. The pump is capable of generating 
steady flow rates of up to 2.9 LPM and can be easily 
converted to induce unsteady flow regimes if required.  A 

pulse dampener was placed between the pump and flow 
chamber to reduce flow perturbations (Fig. 3). 

 
Figure 3: Bioreactor flow connectivity. 
Computational Modeling:  A commercially available 
computational fluid dynamic (CFD) package (Fluent, 
Ansys Inc., Lebanon, NH) was utilized to evaluate the 
flow field. Physical fluid properties of cell culture media 
was modeled, namely, a fluid viscosity of 0.0076 dynes-
s/cm2 and a density of 1.01 g/cm3.  An inlet plug flow 
velocity profile boundary condition was specified at the 
inlet, with an outflow outlet condition. 
Results: Fig. 4 describes the predicted WSS by the CFD 
model on the samples. The maximum WSS was in the 
order of 30 dynes/cm2 with a mean WSS of 8 dynes/cm2.  
In addition, the WSS distribution among the three 
samples modeled was found to be similar.  This last point 
is important as it ensures that each specimen will be 
subjected to nearly identical physical conditions. 

 
Figure 4: Results of the CFD simulation of the FSF-
bioreactor fluid chamber 

Conclusions: In the current study, a device mimicking 
the dynamics and the physiological scales of stresses, 
native to cardiovascular tissue was developed.  In 
addition, higher shear stresses can be achieved with the 
current system with the use of a more viscous fluid, 
noting that our selection of flow source is capable of 
driving thicker liquids through the chamber.  Current 
efforts are underway to utilize this system for mechanistic 
studies of heart valve tissue formation under 
physiological conditions to accelerate rates of cellular 
differentiation and tissue formation.  
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