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the data generated in this work provides a comprehensive understanding of the viscoelastic
behaviour of the osteochondral core, and shows that it is composed of two viscoelastic materials,

one with low stiffness and low damping, and the other with high stiffness and high damping.
however, the viscoelastic behaviour was found to be dominated by the cartilage-bone interface,
with little of the viscoelastic response resulting from the subchondral bone. as the cartilage-bone
interface is the key to stabilising the transmission of compressive and tensile forces within a joint
[ 5 ], it is important to understand the role of this complex interface in the viscoelastic response
of the osteochondral core. further, the results of this study highlight the viscoelastic behaviour of
the subchondral bone, with a significant decrease in young's modulus from the base to the apex

of the core, with a steep decrease between the base and the interface. this has important
implications on the stability of the osteochondral interface, with a deterioration of the interface

causing a decrease in the viscoelastic response of bone at the interface. the results of this study
highlight the viscoelastic behaviour of the osteochondral core, and show that it is composed of

two viscoelastic materials, one with low stiffness and low damping, and the other with high
stiffness and high damping. however, the viscoelastic behaviour was found to be dominated by

the cartilage-bone interface, with little of the viscoelastic response resulting from the
subchondral bone. as the cartilage-bone interface is the key to stabilising the transmission of
compressive and tensile forces within a joint [ 5 ], it is important to understand the role of this
complex interface in the viscoelastic response of the osteochondral core. further, the results of

this study highlight the viscoelastic behaviour of the subchondral bone, with a significant
decrease in young's modulus from the base to the apex of the core, with a steep decrease

between the base and the interface.
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the results also showed that the energy dissipated by the cartilage-bone system was frequency-
dependent and a significant difference was identified between each frequency. the frequency-

dependence of energy dissipation is indicative of a viscoelastic property. as expected, the energy
dissipated by cartilage-bone was higher than the energy dissipated by bone alone. this suggests that

the osteochondral junction dissipates energy from the system. the implications of this are that the
osteochondral junction should not be considered as a static interface. previous work, using sheep
femoral heads, showed that the energy dissipated from cartilage-bone was frequency-dependent

and that the dissipated energy exceeded the elastic energy stored in the cartilage and bone [ 22 ].
to the best of the authors knowledge, this is the first study to report the frequency-dependence of

energy dissipation from human osteochondral samples and it supports the argument that the
osteochondral junction should not be considered as a static interface. in order to investigate if the

observed dissipated energy was dissipated as heat within the specimens, a time-resolved
temperature measurement was performed. this showed that cartilage-bone absorbed less energy

than bone alone, suggesting that the energy transferred was dissipated as heat in the system (fig. 6
). the dissipated energy for the cartilage-bone system increased from 8hz to 90hz, indicating that

this mechanism is frequency-dependent. this supports the findings of ohyama and colleagues [ 14,
17 ] who also reported a frequency-dependence of dissipated energy in cartilage-bone. the results
also demonstrated that the increase in dissipated energy across the range of frequencies was not

uniform and while the total dissipated energy increased, the dissipated energy per cycle decreased.
this implies that the dissipated energy is not dissipated at all frequencies but is accumulated over
the course of the frequency-sweep. this is also supported by ohyama and colleagues [ 14, 17 ] who

found that the dissipated energy increased over the course of the frequency sweep but decreased at
a faster rate than the increase. the dissipated energy for bone alone is lower than cartilage-bone at

all frequencies and this is attributed to the difference in stiffness. the dissipated energy for cartilage-
bone is higher than bone at higher frequencies, which is attributed to the difference in dissipated

energy per cycle. in conclusion, this study shows the potential of osteochondral cores as a whole to
emulate the energy dissipation properties of articular cartilage. future work will consider the loss and
storage moduli as a function of frequency, temperature and humidity to determine if there is a link

between these and the dissipation mechanism in cartilage-bone. furthermore, further work will
consider the viscoelastic properties of the osteochondral core at different locations on the articular
surface of the femoral head to determine if the dissipation is dependent on the location of the load
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