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In Situ Mechanical Response of Bovine Humeral Head Articular Cartilage
in a Physiological Loading Environment

Seonghun Park”

ABSTRACT

One of the unresolved questions in articular cartilage biomechanics is the magnitude of the dynamic modulus and
tissue compressive strains under physiological loading conditions. The objective of this study was to characterize the
dynamic modulus and compressive strain magnitudes of bovine articular cartilage at physiological compressive stress
level and loading frequency. Four bovine calf shoulder joints (ages 2-4 months) were loaded in Instron testing system
under load control, with a load amplitude up to 800 N and loading frequency of 1 Hz, resulting in peak engineering
stress amplitude of ~5.8 MPa. The corresponding peak deformation of the articular layer reached ~27% of its thickness.
The effective dynamic modulus determined from the slope of stress versus strain curve was ~23 MPa, and the phase
angle difference between the applied stress and measured strain which is equivalent to the area of the hystresis loop in
the stress-strain response was ~8.3°. These results are representative of the functional properties of articular cartilage in a
physiological loading environment. This study provides novel experimental findings on the physiological strain
magnitudes and dynamic modulus achieved in intact articular layers under cyclical loading conditions.

Key Words : Articular cartilage (31&), Cartilage properties (3 F E4}), Dynamic loading (53 &%), Cyclical
compression (%% % %), Physiological condition (A 2} 82 2] 2 71), Biomechanics (4 %) & &})
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Fig. 2 Contact area after Os, 0.13s, 0.2s, and 0.5s,
respectively (Scale bar indicates 5 mm)
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