CHAPTER 6
CONCLUSIONS

Using the recently modified wear testing apparatus, three lubricants were tested

under high and low loads to determine the effects each combination would have on wear,
deformation, and friction in a bovine cartilage on stainless steel system. Several analysis
techniques, both quantitative and qualitative, were used to obtain as much information as
possible about the amount and nature of cartilage wear in the cartilage on stainless steel
system.

The conclusions drawn from this study are discussed below.

. The lubricant was shown to have an effect on cartilage wear in high-load

(65 N) tests. The average wear values obtained for each lubricant were 580 ng of
cartilage for saline tests, 330 ng for hyaluronic acid tests, and 270 ng for synovidl
fluid tests. Lubricant was not shown to be a significant factor for wear in low-load
tests.

. Cartilage wear was shown to be significantly affected by the applied load. High load
tests (65 N) produced significantly more wear than low load tests (20 N). The
average wear in low-load tests was 67 ng for saline tests, 79 ng for hyaluronic acid
tests, and 93 ng for synovial fluid tests. All of these values were significantly less
than the corresponding wear values in high-load tests (580 ng, 330 ng, and 270 ny,
respectively).

. Friction was not significantly affected by lubricant, but was, like wear, affected by
load. The average friction values for high and low load tests are shown in Tables 4.1
and 4.2, respectively.

. Thetotal change in vertical displacement of the upper specimen was significantly
affected by load, but not by lubricant. The average change in vertical displacement of
the specimen was approximately 0.1 mm less for low-load tests.

. Vauable information about wear mechanisms has been obtained through observation
of samples using scanning electron microscopy and histologic sectioning and
staining. Early signs of surface delamination were evident, as well as wear marks
perpendicular to the direction of diding; these marks are indicative of another wear
mechanism, which could involve surface adhesion.

. Visible differences in wear were observed in SEM specimens with respect to high and
low loads. Both high- and low-load samples showed evidence of plowing wear,
while perpendicular markings appeared to dominate the low-load specimen surfaces
in hyaluronic acid tests.
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. Preliminary FTIR analysis has shown chemical changes in worn cartilage (see
recommendations in Chapter 7).

. The wear testing apparatus has been fitted with an improved bearing to reduce
unwanted motion of the shaft.

. The procedures for cutting and for testing cartilage specimens (plugs) have been
refined and improved for enhanced repeatability.
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CHAPTER 7
RECOMMENDATIONS FOR FUTURE RESEARCH

Future testing can benefit from the knowledge and information obtained from this

study. Although valuable results have been obtained from this experiment, much work
remains to be completed; the interaction of lubricant and surface in the boundary
lubrication regimeis still not fully understood. La Shaun Berrien, a doctoral student at
the Virginia Polytechnic Institute and State University, will continue this work by
investigating wear and friction in the cartilage on cartilage system.

Severa areas should be explored in the course of future research in this area,

some of which are detailed here.

1.

The cartilage-on-cartilage system should be tested to determine whether the lubricants
used in this study, among others, might have a different effect on wear or friction.

FTIR analysis can be used to study possible chemical changes that could occur in the
cartilage during diding. This analysis could be performed on the transferred films on
the stainless steel disks, as well as on fresh and worn cartilage and synovial fluid.

Further improvements on the biotribological testing device could reduce variations in
vertical displacement and friction data.

The vertical displacement data, obtained using the LVDT, could be used to learn
more about the time-dependent deformation of cartilage under load.

Time, or the total number of cycles, can be tested as a variable to measure the wear
rate of cartilage under various conditions.

More experiments using time and load as variables could provide more information
about the protective surface layer discussed by Stachowiak [8].

Further characterization and observation of wear particles, using microscopy and
particle size analysis, could provide information about the nature of the shapes and
size distributions of the particles that are produced during sliding.

In vivo experiments have aready been begun in the College of Veterinary Medicine
under the supervision of Dr. Hugo Veit. These experiments can provide vital data for
future tests.

Dr. Furey has proposed a plan for future testing that will encompass a matrix of

testing combinations; healthy and unhealthy (osteoarthritic) cartilage can be tested in
conjunction with healthy and unhealthy synovia fluid, as indicated by the chart
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below.

Healthy  Unhealthy
Cartilage X X
Synovia Fluid X X

As more test results reveal more information about the mechanisms by which
healthy and unhealthy systems operate, the differences between healthy and diseased
joints will be better understood. This understanding will, in turn, aid researchersin
learning more about the specific mechanisms and causes of diseases like osteoarthritis.
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