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Results
1) Initially higher collagen content (fig. 3A) and enhanced 
number of crosslinks due to intermittent straining (fig. 3B).

2) Random distribution of cells and collagen in constrained 
samples, while intermittent straining resulted in improved 
alignment into the direction of straining (fig. 4). 

3) Mechanical behavior of the engineered tissues shifted 
from linear to non-linear, representative for tissue 
contribution and scaffold degradation (fig. 5). The ultimate 
tensile strength increased in time and was significantly 
higher in the intermittent samples at all time points.
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Introduction
Currently used cardiovascular replacements are not able to 
grow, repair and remodel. Tissue engineering (TE) is a 
promising technique to create living replacements (fig. 1). 

The mechanical properties of heart valves depend on the 
collagen architecture, which can be optimized using 
mechanical conditioning strategies. Although commonly 
used (constrained or continuous dynamic) conditioning 
protocols have improved functional tissue properties,  the 
mechanical properties of TE heart valves are still not 
sufficient for implantation at the aortic position. 

This study investigates the temporal effects of intermittent 
straining on:
1) collagen content and crosslinks
2) collagen organization
3) mechanical properties 

Material and methods
Rectangular TE strips (PGA scaffold, human myofibroblast, 
fibrin) were constrained at the outer ends and intermittently 
strained (4%, 1Hz, 3h on/off) up to 4 weeks in a FlexCell 
device (fig. 2).  Constrained samples served as controls. 

Intermittent loading accelerates tissue development
in engineered heart valve tissue

Mirjam P. Rubbens, Anita Mol, Ralf A. Boerboom, Frank P.T. Baaijens, Carlijn V.C. Bouten
Eindhoven University of Technology, Department of biomedical Engineering, The Netherlands

/ department of biomedical engineering

Figure 2 FlexCell straining device. By applying vacuum, engineered 
tissues are uniaxially stretched over a loading post.

Figure 3 Collagen content (A) and number of crosslinks (B). 
∗∗∗represents significantly different (p<0.001) from constrained 
group.  + and +++ represent significantly different (p<0.05 and 
p<0.001, respectively) from 2 weeks time point.

Figure 5 Representative stress-strain curves for constrained 
(Con) and intermittently loaded (Int) samples .
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Figure 4 Multiphoton images of cells (blue) and collagen fibers 
(green) in constrained (left) and intermittent (right) samples.
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Figure 1 TE paradigm.
Cells are harvested from a 
patient and seeded onto a
scaffold. The construct is
conditioned in a bioreactor 
to obtain a functional heart 
valve, which can be 
ideally implanted back 
into the patient. 

Conclusions
Intermittent straining versus constrained controls:
1) accelerated collagen production and enhanced collagen crosslinks
2) increased collagen alignment in direction of straining
3) improved mechanical properties in shorter culture times
These results are of paramount importance as sufficient mechanical properties are the main limiting factor of TE heart valves.

Hypothesis: intermittent straining improves functional 
tissue properties by optimization of collagen architecture.


