1.6.1.02

Structural inhomogeneity and biomechanical properties of articular cartilage
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Abstract: Articular cartilage is a structurally
inhomogeneous tissue. In this study we relate the
structural inhomogeneity found with the atomic force
and polarization light microscopes with the mechanical
properties derived from the indentation and unconfined
compression tests of canine and bovine articular
cartilage. The results reveal that the mechanical
response of the tissue in compression varies between
different cartilage layers (zones). Under uniaxial
unconfined compression the lateral (radial) strain of the
cylindrical cartilage specimen is much less in the
superfial zone than in the deeper tissue zones. The
indentation stiffness of canine articular cartilage is
positively related to the thickness of the superficial zone.
INTRODUCTION

Most theoretical models of articular cartilage consider
cartilage to be homogeneous tissue. However, in reality,
cartilage is a structurally inhomogeneous, layered tissue
with functionally anisotropic and nonlinear properties [].
In this study we apply atomic force microscope (AFM) and

polarization light microscope (PLM) to study the
contribution of articular surface and different cartilage
layers (zones) on the tissue mechanical characteristics.

Indentation tests:

An indentation creep technique

was

used for the determination of shear modulus of canine knee
(n:20) articular cartilage [5]. Values of Poisson's ratios,
necessary for calculation of the modulus, were obtained
from the unconfined compression tests as described above.
Thickness of the tested articular cartilage was measured

optically [5].
RESULTS

AFM revealed that the most superficial tissue

was

nonfibrous and amorphous. However, after Chondroitinase
AC digestion the fibrous substructure of the surface was
revealed with AFM (Fig l.) Force curve measurements
revealed that the local surface stiffrress of the digested
sample was lower than that of the intact sample (Fig.2).
Unconfined compression tests revealed that
instantaneously after a l0 o/o compressive sffain the lateral
(radial) strain of the superficial tissue was much lower than
that of the deeper tissue layers (Fig. 3).
The high retardation value of the superficial zone, as
detected with the PLM, proposed a strong parallel

of collagen fibers in this zone. The shear
of canine knee articular cartilage, as determined
using an instantaneous indentation test, was highly
positively correlated with the thickness of the superficial
orientation

modulus

tissue zone (Fig. 4).

METHOD

AFM: Surface of fresh, adult bovine humeral head
articular cartilage was imaged with AFM in physiological
saline t2l. Chondroitinase AC was used to extract
superficial proteoglycans from the tissue. Force curve
measurements were conducted to quantitate the local
surface stifftress

of the intact and digested articular

cartilage.

PLM: Using a polarization microscope thickness of the
tissue zones (superficial, intermediate, deep) of canine knee

(n:20) articular cartilage was determined based on their
differences in the optical retardation [3].
Unconfured compression tests: The shape change of the
cylindrical canine knee (n:8) articular cartilage specimen
compressed in unconfined geometry was visualized with
the microscope [4]. Determination of the radial-to-axial
strain ratio allowed a direct calculation of Poisson's ratio
for articular cartilage.

Figure 1. Amorphous, nonfibrous articular surface and its
fibrous substructure as revealed with the AFM. X 3000,
Greyscale range 600 nm
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Our microscopical and mechanical studies on bovine
and canine articular cartilage demonstrate that the tissue,
when compressed in unconfined or indentation geometry,
behaves in an inhomogeneous manner. Both AFM- and
PlM-results reveal the importance of the superficial tissue
layer on the mechanical behavior of articular cartilage.
Obviously, the superficial, tangential collagen fibers with
high tensile stiffrress are radially loaded during indentation
or unconfined compression and, thereby, contribute
significantly also to axial compressive stiffiress of articular
cartilage.
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Figure 2.

The indentation-force curves for intact and
Chondroitinase AC-digested cartilage samples as obtained

bv AFM.
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4. Shear modulus vs. relative (%) thickness of the
superificial tissue zone of canine knee articular cartilage.
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