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Introduction

Diaphragm is a dome shaped fibro-muscular structure which separates the thoracic and abdominal cavities. This
delimitation is essential not only for the proper functioning of the surrounding organs but also for their development
during pregnancy. Diaphragm is composed of a peripheral muscular part and a central tendon. In the current work, bulge
tests were performed on a central tendon of porcine diaphragm. The mechanical behavior of the central tendon was
obtained by using isotropic hyperelastic models.

The multiaxial tension generated by the bulge test [1] corresponds to the stresses induced in the diaphragm during
respiratory motion.

Methods

A porcine diaphragm was dissected and frozen at -24°C for 1 week. N=10 discs of 30 mm were punched at different
locations of the central tendon. Bulge tests with a controlled incremental pressure of 0.03 bar, together with the three-
dimensional digital image correlation (3D-DIC) technique VIC 3D ©, provided a complete in-plane displacement
distribution over the selected area of observation. The stretches distributions were estimated via a computational code
implemented in Python using the experimental data. The materials parameters were identified by realizing the best fit
between experimental data and the constitutive equations of the following isotropic models: Yeoh, Neo-Hookean,
Mooney-Rivlin and Fung.

Figure 1 : 3D surface of a diaphram sample
VIC 3D ©.

Results

It was concluded that the Yeoh, Neo-Hookean and Mooney-Rivlin models do not reproduce well the mechanical behavior
of the central tendon of the diaphragm. This can be explained by the characteristic “toe-region” of soft tissues. An
exponential constitutive model (Fung type [2] [3]) gave a better fit.
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Figure 2: Example of inverse identification with 4 constitutive models
Discussion

The central tendon membrane of porcine clearly showed a non-linear behavior with a characteristic “toe-region”, similar
to those obtained for many other soft tissue behaviors.

Our future work will focus on implementing the identification scheme using anisotropic hyperelastic behaviors. Indeed,
the shape of the bulges identified through stereo-correlation (Figure 1) is more ellipsoidal than spherical, thus disproving
the hypothesis of isotropic behavior.
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