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Determination of shear properties in soft tissues

A computer controlled mechanical testing system was developed to determine biaxial elastic moduli and the shear modulus of luminal tissues. The system was specially designed for use with extremely soft tissues such as the small intestine or esophagus. This required the development of a custom torsion transducer capable of measuring moments in the (Nm range.

  The sample was loaded by longitudinal stretching, twisting or inflation. Stretching and twisting loads were applied by a computer controlled mechanical system while the sample was pressurized using an elevated bath. Tissue deformation could be determined for the whole specimen using feedback from two step motors, or measured locally using a video system. Longitudinal force was measured using a load cell while luminal pressure was measured using a pressure transducer. The torsion transducer consisted of a frictionless analog optical encoder mounted in series with two flexure pivot bearings. Because of the linear response of the flex pivot bearings, moments could be determined directly by measuring the displacement of the encoder wheel. The frequency response and resolution of the transducer were 20 Hz and 30 nNm, respectively. A typical calibration curve, generated by twisting a length of steel wire is included below, Fig. 1. Initial torsion tests of a 4 cm length of rat small intestine resulted in a torsional stiffness of 4 (Nm/degree of twist.
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Fig. 1: Repeated calibration curves using a steel wire. Note that a small amount of harmonic content is included at this test velocity.
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