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The objective of this study was to compare micro-scale friction coefficients with and without
synovial fluid, and micro-scale measurements were performed using atomic force microscopy
(AFM) with a 5 um spherical probe. Four cylindrical cartilage specimens were harvested from two
fresh bovine humeral heads (4-6 months old). Averagezstandard deviation values of the micro-
scale AFM frictional coefficients calculated from the linear fit of friction versus normal force was
0.177+0.012 and 0.130+0.010 with and without synovial fluid coating on AFM probe respectively,
showing its reduction by ~27% with synovial fluid. To the best of our knowledge, this experimental
study investigates the first such comparisons of frictional response of articular cartilage with and
without synovial fluid coating on AFM probe, and provides significant insights into the role of
synovial fluid in the articular cartilage friction and lubrication independently of the confounding
effect of fluid pressurization in the articular cartilage.
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Friction (0.1V/div)

One scan line (5 um/div)

Fig. 1 Typical profile of the frictional voltage signal, as a
sample is scanned back (retrace) and forth (trace)
in the direction perpendicular to the cantilever
beam
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Fig. 2 Trace (a) and retrace (b) frictional voltage signal
over the 100x100 pm? test area (vertical range =
10V)
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Fig. 3 Typical plot of AFM frictional force versus normal
load over five load increments, with the slope
yielding micro-scale AFM friction coefficients. (a)
AFM probe was not coated by synovial fluid, and
(b) AFM probe was coated by synovial fluid
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Fig. 4 Typical variation in the frictional force measured
from AFM over 128 consecutive raster scans
covering a 128x128 pixel (100x100 pm?) region.
Each data point represents the average friction
force over the scan and rescan of a 128 pixel (100
pum) line
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Fig. 5 Micro-scale AFM friction coefficients in PBS with
and without synovial fluid coating on AFM probe
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