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Introduction
The mechanical properties of the tissue-engineered heart
valve replacements are insufficient. Collagen is considered
to be the main load bearing component of the aortic valve
(fig. 1). The objective of this study is to develop and evaluate
remodelling laws for collagen, which enable us to predict and
improve the evolution of the mechanical properties.

Figure 1: Collagen fibre
architecture of aortic valve
[1].
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Figure 2: FE mesh of stented
aortic valve.

Methods
The valve is modelled as an incompressible fibre reinforced
composite [2]:

σ = −pI + τ̂ +
N∑

k=1

θk(ψk − �ek · τ̂ · �ek)�ek�ek (1)

σ represents the Cauchy stress tensor, τ̂ the isotropic matrix
stress and ψk the fibre stress in the fibre direction �ek. θk re-
presents the individual fibre volume fraction and λk the fibre
strain. F is defined as the deformation gradient tensor.

λk = ‖F · �e 0
k ‖ (2)

The net change in fibre volume fraction is the result of fibre
synthesis and degradation, both dependent on the volume
fraction and the fibre strain [3]:

dθk

dt
= S(θtot, λk) −D(θk, λk) with: θtot =

N∑

k=1

θk (3)

In each nodal point of the mesh (fig. 2) 36 random fibre direc-
tions are defined with an initial volume fraction. A diastolic
pressure difference of 12 kPa is applied to the leaflet.

Results
In fig. 3 the principal fibre directions in the aortic valve leaflet
after remodelling are displayed. The most dominant fibre
direction (red) is oriented from commissure to commissure
and is present over the entire leaflet. The less dominant fi-
bre direction (blue) is oriented radially and is predominantly
present in the belly region of the leaflet.

Figure 3: Principal fibre directions
scaled with fibre volume fractions.

In fig. 4 the orientation of the fibres shows that the loading
condition is uniaxial in the commissure region and biaxial in
the belly region of the leaflet.
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a) Commissure region
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b) Belly region

Figure 4: θk as a function of angles γ and φ for individual fibres. γ

and φ are with respect to the principal fibre directions.

Discussion
✷ Predicted fibre directions are close to measured fibre

directions.
✷ Fibre remodelling results in increased stiffness of the

aortic valve leaflet.
✷ Results indicate that the closed aortic valve configura-

tion contributes considerably to the development of the
characteristic collagen architecture.

Future Research
✷ Design bioreactor to study collagen remodelling under

well defined loading conditions (uniaxial and biaxial).
✷ Apply a non-destructive visualisation technique

(e.g. autofluorescence) to study real-time collagen re-
modelling.

✷ Quantify mechanically induced collagen synthesis and
degradation (e.g. study degradation with AFM).
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