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If the vendor cannot provide data and/or
references to confirm value for the patients, the
new product may be a replicate or offshoot of a
current product, touted as an improvement
(when brought to market) without validation.

Impact on orthopaedic 
practices
Orthopaedists should understand the concept of
minimal manipulation of tissues because struc-
tural and cell-based HCT/P implants are

becoming more common in the marketplace.
The “minimal manipulation” criteria outlined by
the FDA leads to a far less rigorous and time-
consuming pathway from conception to market
than many more familiar orthopaedic implants
and products.

Orthopaedists should carefully choose the
questions they ask vendors before using a new
HCT/P. This brief summary should serve as a
general guide to ensure that orthopaedists
obtain the knowledge necessary to decide

whether using one of these products is in the
best interest of their patients. NOW
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Wear is typically measured
under conditions that simulate level
walking, rather than “heavy-duty”
activities. Nonetheless, general
conclusions have emerged on
design influences. For example, in
fixed-bearing total knee arthroplas-
ties, lower conformity between
bearing surfaces allows larger, more
variable tibiofemoral displace-
ments, but higher contact stresses
can lead to elevated wear.

Hip wear tests have also 
simulated microseparation of 
the femoral head from the socket.
Retrieval analyses suggest that
microseparation occurs frequently
with hard-on-hard bearings and
may be a cause of squeaking.

“Hip wear simulation has been
very successful in expanding our
understanding of tribology of pros-
theses and in ranking bearing mate-
rials,” said Darryl D’Lima, MD,

PhD, director of the Orthopaedic
Research Laboratories at the Shiley
Center for Orthopaedic Research
and Education at Scripps Clinic.
“Knee wear simulation is more
challenging because of the
increased degrees of freedom and
reduced articular conformity. In
addition, retrievals are the primary
source of validation due to the lack
of readily available in vivo markers
of knee wear.”

Future research directions
According to Dr. Crowninshield
and Orhun K. Muratoglu, PhD, co-

director of the Harris Orthopedic
Biomechanics and Biomaterials
Laboratory at Massachusetts
General Hospital and associate
professor of orthopaedic surgery
(biomaterials) at Harvard Medical
School, clinical research must docu-
ment the long-term outcomes of
various forms of polyethylene in
joint replacement.

“Reliable, accurate methods 
for measuring clinical wear (such 
as radiostereometric analysis),
together with implant retrieval
analysis and imaging assessment 
of osteolysis, should be used to
document performance,” said 
Dr. Muratoglu.

Symposium attendees agreed
that future research should focus

on increasing the strength and
fatigue resistance of polyethylene
without compromising wear and
oxidative resistance. These
improved materials may provide an
opportunity to produce implant
systems that are more forgiving of
variations in surgical placement
and orientation of implant compo-
nents and allow for the design of
more functional implants.

Drs. Crowninshield and
Muratoglu also recommended
future research into the effects of
antioxidants on polyethylene.

“Vitamin E improves the oxida-
tive resistance of irradiated polyeth-
ylene; however, the mechanism 
of action is unknown,” said 
Dr. Crowninshield. “The use 
of other antioxidants may have
synergistic effects on the wear and
mechanical properties of irradiated
polyethylene.”

“Clinical studies should be
conducted to evaluate the effective-
ness of second generation highly
crosslinked UHMWPEs that were
recently introduced for clinical
use,” said Dr. Muratoglu. “Analysis
of surgically retrieved implants to
evaluate the performance of these
newer materials should continue.”

NOW
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Fig. 1  Biological engineers and implant designers must consider the possible
modes of debris generation—such as those that can occur with metal-on-metal
and ceramic-on-ceramic cups, as shown here—when creating new implant
designs.
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