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Figure 3: Computational model of the anterior mitral leaflet created from 23 discrete marker positions, left. The resulting finite element model
consists of 1,920 S3R linear triangular finite strain shell elements, middle. Discrete collagen fiber orientation maps were extracted from tissue
histology, right.

mixed formulation based on the deformation map ϕ and an independent Lagrange multiplier p̂. For S3R elements,
the Lagrange multiplier p̂, which enforces the incompressibility constraint Je − 1 = 0 in a weak sense, is constant on
the element level and C−1- continuous [1]. After a series of sensitivity studies, we selected a constant leaflet thickness
of 1mm and a transverse shear stiffness of 100MPa [45]. From the experimentally measured marker coordinates ac-
quired at 60 frames per second, we selected eight consecutive time frames starting with the image just before leaflet
separation, which we defined as the unloaded in vivo reference configuration B0. We then went backwards in time to-
wards the image at end systole, which we defined as loaded in vivo configuration Bt [28]. In this particular simulation
interval, the mitral valve is closed, hemodynamic effects are negligible, and the possible effects of contracting smooth
muscle cells are minimized [45]. To account for the characteristic transversely isotropic microstructure of the mitral
leaflet, we created discrete collagen fiber orientation maps from tissue histology [45] and confirmed the results with
collagen orientations reported in the literature [13, 39], see Figure 3, right. We supported the leaflet belly through
chordae tendinae, which we modeled as incompressible Neo-Hookean tension only rods inserting into the leaflet
center [39]. We assumed a chordae stiffness of 20MPa and a total cross-sectional area of 1mm2 for each branch.
Throughout all eight time steps, we applied inhomogeneous Dirichlet boundary conditions to all boundary nodes us-
ing the experimentally measured boundary marker coordinates. At the same time, we pressurized the membrane from
underneath with the experimentally measured transvalvular pressure, the pressure difference between the left ven-
tricle and the left atrium acquired using catheter micromanometer pressure transducers [28].To identify the material
parameters for the different prestrain levels, we performed an inverse finite element analysis. We applied a genetic
algorithm using MATLAB to minimize the average nodal displacement error e by systematically varying the material
parameters c0, c1, and c2. We started with an initial parameter set and we performed a first generation of finite element
simulations. After the simulation for each parameter set, we calculated the error e =

∑nt
t=0
∑nm

m=1 ||ϕexp
t,m −ϕsim

t,m || / (nt nm)
as the distance between all m = 1, .., nm experimentally measured inner leaflet markers ϕexp

t,m and all computationally
simulated inner leaflet markers ϕsim

t,m summed it over all t = 0, .., nt time steps. For our particular case, the number
of inner markers was nm = 9 and the number of time steps was nt = 8. Whenever the simulation did not converge,
we assigned an error value that was larger than previously encountered values for converged solutions. Based on the
average nodal displacement error e, the genetic algorithm generated a new input parameter set through 20% mutation
and 80% cross-over. The genetic algorithm iteratively minimized the error until it reached a user-defined convergence
criterion. After finding a converged parameter set, we repeated the optimization algorithm for varying population
sizes and initial parameters to ensure that the converged solution represented a global minimum.

5. RESULTS

5.1. Prestrained circular thin films

5.2. Prestrained mitral leaflets

The parameter identification converged successfully for all eleven prestrain levels. For each prestrain level, we iden-
tified an optimal parameter set c0, c1 and c2, minimizing the total error between the experimentally measured and the
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