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Introduction
To optimize mechanical conditioning protocols of tissue-
engineered (TE) load bearing cardiovascular constructs, a
mathematical model is developed that relates changes in the
collagen architecture (i.e., remodeling) to the local mechani-
cal condition within the tissue. The model is applied to pre-
dict the typical collagen architecture present in arteries and
aortic valves (Fig. 1).

radial circumferential

Fig. 1: Typical fiber architecture in an artery (left, modified from [1])
and branching collagen architecture in a native leaflet (right, [2]).

Materials and methods
The tissues are modeled as incompressible fiber reinforced
materials and a structurally-based constitutive model is used
that enables incorporation of the angular distribution of col-
lagen fibers [3]. The in-plane distribution of fiber volume
fractions (φf ) is modeled by a periodic version of the normal
probability distribution function:

φf (γ) = A exp
[
cos [2(γ − α)] + 1

β

]
(1)

with γ the in-plane angle, α the main fiber angle and β the
dispersity of the fiber distribution function. Stimulus func-
tions (g1 and g2) in the principal directions (v1 and v2) are
introduced to specify the value of the main fiber angle and
the dispersity:

α = arctan(g2/g1) (2)

β =

{
k

(g1/g2)−1 for g1 ≥ g2
k

(g2/g1)−1 for g1 < g2
(3)

The stimulus functions are assumed to depend on the me-
chanical loading condition within the tissue, i.e., gi =
gi(λi, σi). The stimulus functions are specified such that:
(1) for a uniaxial loading condition all fiber directions align
with the major loading direction, (2) in case of a biaxial load-
ing condition, the fiber families are situated in between the
major directions with the main orientation and dispersity de-
pending on the ratio of g1 and g2, and (3) for an equibiaxial
loading condition, the fibers are distributed uniformly in the
plane of the major directions �v1 and �v2.

The artery is modeled as a thick-walled cylinder, which is in-
flated by an internal pressure and stretched longitudinally.
The aortic valve is modeled as a leaflet with uniform thick-
ness and is loaded by a transvalvular pressure in the diastolic
(i.e., closed) configuration.

Results
The predicted fiber directions in the arterial wall represent
helical paths. The pitch of the helix and the dispersity of the
fiber distribution increases from the inner wall towards the
outer wall (Fig. 2), in accordance with observations from liter-
ature.
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Fig. 2: Angular fiber distribution at inner side (left) and outer side
(right) of the arterial wall.

For the aortic valve, the model predicts a branching diverging
fiber architecture (Fig. 3) that resembles the hammock-type
collagen network of native valve leaflets.

Fig. 3: Predicted fiber directions (left) and dispersity of fiber
distribution (right).

Discussion
� The model considers the interaction between 1) the

mechanical loading condition within the tissue and 2)
changes in the collagen fiber architecture.

� The predicted collagen architecture is qualitatively con-
sistent with experimental observations from literature.

� Experiments have to be performed to further validate
the model quantitatively.
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