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Failure Mechanism on Total Knee Arthroplasty
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Total Knee Arthroplasty (TKA) has become a well-
established treatment modality for surgical correction of knee
disorders and pain generated by arthritis and other disorders
such as trauma. Today a patient can expect to rely on his new
knee to serve him with comfort for a fair number of years

if not his entire life. TKA has taken on a predicated level of
confidence and certain trends have developed over the years.
Success has increased demand and the health care system is
challenged to meet current and growing demand for surgery
[In fact the epidemiological studies have predicted that hips
will grow only a little whereas knees are projected to have a
6-fold increase- see Kutz AAOS Scientific Exhibit 2006].

Surgical techniques are specializing into specific
indications or camps for specialized product features.
Uni-compartmental, Bi-compartmental, Total Knee with
and without replacement of the patella, along with Patella-
femoral replacement are some of the product classifications
now available. The near future is now with articular focal
defect replacement. New materials and techniques will
open this area to increased indications as the sport-medicine
surgeon finds his way into this growing surgical market.

This review is being drafted as a quick narrative summary
and is not meant to be a comprehensive review on the
subject. The combined experience of the two authors totals
over eighty years in the field of total joint surgery and we
feel reasonably confident in our expressed opinions.

First and foremost, all surgery is dependent on surgical
technique. Technique is more important than material and
design. Poor technique places an increased burden on design
and materials, and improved materials and designs can

ease the burden on surgical technique but never replace the
overall benefit of good technique.

The clinical assessments (in-vivo; ex-vivo) for wear ranged
50-400 mm3/year for either ébacksided wear or doveralli knee
wear (RSA and retrievals). These values were at least as high
if not higher than for total hip replacements. Note that there

is no data for dfrontsided knee wear by itself. Clearly there is
little known from such dimensionald studies of how much
change was due to creep or plastic flow as distinct from
wear.

Wear estimates for laboratory knee studies fell in the narrow
range of 3-10 mmd/year. Clearly these were at least an order
of magnitude less than that reported from clinical studies.
Interestingly there has been no insight given as to why such
a discrepancy exits in the wear testing literature. However,
since these are generally gravimetric wear assessments

we believe that they do represent true wear. Whether it is
physiologically correct is another question.

We excluded two simulator wear rates from discussion. One
by an Italian group produced a wear rate of 24mm?Mc with
no explanation. One by an American group added hyaluronic
acid to the lubricant and obtained wear rates of 64mm?3/Mc.
While they may have been on to something the observed
changes were so profound and not yet confirmed by any
other study such that some caution is justified here.
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Knee development over the past decade has included
improvements in implant designs and use of polyethylene
bearings with superior wear resistance. The latter is one of
the major factors involved in knee wear performance, i.e.
the choice of polyethylene resin, the method of forming the
bearing, method of sterilization, any post-sterilization heat
treatments and the shelf aging of the polyethylene before
implantation. Obvious improvements have been made in
the polyethylene as a result of sterilization with irradiation

OI0O00I0E0mO 0000000000100 0000000I000000m00
O0I00000OIOIN00I0000N000000I00N00O 00000000
00000I00000000000010000

O00Ome0noo

I T




Nsnrx g tperx Wyvkiv} * Viwievgl Jsyrhexisri Glekvnr Jeppwd S Ins0 YWE

in an inert environment or with non-irradiation sterilization
methods. However, controversy remains over whether it is
better to highly-crosslink polyethylene bearings to obtain
maximum wear resistance or whether it is preferable to use
non-crosslinked polyethylenes to maintain better mechanical
properties such as tensile strength and fatigue resistance.
Some companies sterilize with EtO and Gas Plasma (GP)
while others crosslink up to 7.5Mrad (Zimmer).

Clinical wear assessments can be either from radiographic
studies (RSA) of ongoing patients or from selected retrievals.
Both represent very difficult tasks and the more exacting

the method the fewer number of patients or follow-up
duration. Unfortunately, obtaining an understanding of wear
performance in patientds knee joints can be a daunting task.
There are large dissimilarities in implants design, surgical
effectiveness, patient populations, variations in follow-up
periods, different observers that can reflect observer bias;
novel methods of wear assessment and unique definitions

for osteolysis. Many retrieval studies have characterized

the degree of 6damaged apparent on the surfaces of

retrieved polyethylene bearings. However it is readily
apparent that such odamaged on polyethylene bearings

could be due primarily to plastic deformation and not to
removal of polyethylene per se, i.e. no actual dweard. Thus,
characterizing the 6damage severityd may be totally irrelevant
to the wear process in vivo. So thus far, very few studies have
actually quantified volumetric wear in vivo. Therefore much
of our knowledge on knee wear performance has to come
from laboratory simulations.

Simulating knee wear in a laboratory test requires knowledge
of the many factors that influence joint loading, position,
motion and lubrication. The degree of bearing conformity
will greatly affect the contact areas, the resulting contact
stresses throughout the range of motion, and the knee
stability. Also variation in contact loads during various
activities such as normal walking, climbing stairs and rising
from a seated position, will greatly affect the wear potential.
There are alternative knee designs that incorporate mobile
polyethylene bearings that articulate with both CoCr femoral
and CoCr tibial surfaces, The latter design aims to lower
contact stresses in the polyethylene spacer by making it more
conforming to the femoral articular surface. It also provides
a flat tibial surface, which reduces the anteroposterior
constraints. However, this design strategy also has the
potential for wear on two bearing surfaces instead of one.
There is some concern that fretting type of tbacksided wear
between the polyethylene and its locking tibial tray may a
potential source of wear debris. Some studies have indicated

that this tbacksided wear may be a large portion of the total
polyethylene wear. However polishing of the proximal
surface of the tibial base plate in contemporary designs may
have alleviated such concerns.

N
Uni-Compartmental Knee

Uni-Compartmental Knee Design is limited to one tibio-
femoral compartment. There has been and continues to be
significant debate over the indications and over all success
of this type of surgical treatment vs. conventional total knee.
In addition, there are different styles of Uni-Compartmental
knee designs.

Experience over the years shows the various risks i) need for
further operations for degeneration in other compartments,
including retropatellar pain and tibial implant settling with the
in-lay all-poly components. The original 0Marmor technique
required seating the tibial implant into a trough burred into
the tibial metaphysis. This technique can lead to irregularities
in the orientation of the implant and may in itself have been a
prime cause of early loosening.
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In-lay all poly On-lay metal tibial The OxfordE mobile

tibial- cemented tray-cemented bearing
Surgical technique is as critical as proper indication for
Uni-knees. The tibial implant must be seated at right angles
to the anatomical axis of the tibia. As with other knee
surgery eyeball approximationd has not proved satisfactory.
Instrumentation is critical and the trend is even moving

towards robotics to ensure correct alignment. Proper implant
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orientation takes significant
loads off the implant
material reducing early
mechanical failure due to
cold flow, deformation and
fatigue failure.

by mechanical means. These early designs were intended
for limited function and were an alternative to arthrodesis.
These were available from the early 19506s -1980s. Rotation
was added to hinged knees with the Herbert (1973), Knoiles
(1973), Spherocentric (1973), Attenborough (1978), Rotating
Kinematic (1978). These early designs have not stood the
test of time but were valuable in helping us to understand
the problems of fixation, wear and knee biomechanics. At
present, linked implants have a small but significant role in
TKA. They are indicated mainly in those knees in which the
collateral ligaments are markedly deficient.

Unlinked implants are those in which the

. femoral and tibial components are not joined; 2
Total Knees Designs the components are free to separate from each
other but are prevented from doing so by the soft
[ tissues. The term ounlinkedd is not synonymous
, \ . > with onon-constrainedd. A non-constrained implant is one in
| 7 - "‘, which the tibial surfaces are relatively flat. These implants
e e - k require normal cruciate and collateral ligaments. There are
— Fie. N ’ =y now different levels of cupped surfaces to offer mild to
‘ ' }'\u e . significant restraint to varus-valgus, anterior-posterior or
_ translatory forces. Most of these conforming implants require

sacrifice of the anterior or both the anterior and posterior

Fixed bearing Rotating bearing Hinged rotating bearing cruciate ligaments.
Their is a large spectrum of knee designs and many have Resurfacing implants have of late been
come and gone. restricted to the Uni-compartmental knee
. . designs but are beginning to be developed of
They can be summarized as the following: once-again for total knee arthroplasty, as “
Linked implants early inte_r\{ention is being advocated b_y_
A Hinged: those that allow flexion and extension but not ~ Younger joint surgeons and sports medicine surgeons. The
axial rotation advent of better instrumentation and/or custom opersonalized
A Rotating: those which allow flexion, extension and also ~ Instrumentso is also moving TKA into a new and fast growing
axial rotation market segment. This technology develops cutting guides
from MRI providing for an individual patient approach to
Non-linked implants TKA. The concept holds that better implant alignment will
A Non-constrained (resurfacing) reduce stress on the implants improving survivorship.
A Conforming implants _ _ _
| Anterior-posterior stabilizing T_he growing demand for TKA is starting to place a
| Varus-valgus stabilizing significant burden on our health care system and future
demand predicted at over 600% growth in the next fifteen
The one thing all current knee designs share is part of the years can end up resulting in some patients not being treated.
bearing surface (tibial implant) is made of polyethylene. This is already forcing surgeons and companies to look back
There were some early designs that featured the femoral at previous designs and results for all polyethylene tibial
component made of polyethylene (Charnley, St. George- components. There is a growing concept expressed by the
hinged) and as a result they encountered material failure. American Association of Hip and Knee surgeons that the

older patients (less activity, +70 year old) be treated with all-
poly tibial components, thereby reducing the financial burden
on the health care system.

Linked Implants are those in which the femoral and tibial
components are bolted, screwed or otherwise fixed together

G
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Examples of TKA failures:
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Alignment is critical to insure joint stability and reduce loads
on the implants. Instrumentation properly used will enable
proper joint reconstruction and joint stability.
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Good design
that protects HA
material

HA vanishes with
time and can lead to
implant failure

Examples of material failures

3

Poly I1 (carbon reinforced poly) Heat Pressed Poly Hylamer Poly

Teki E9




Nsnrx Hgtperx Wyvkiv} > Viwievgl Jsyrhexisri Glekvir Jeppwd Slns0 YWE

As with total hip implants improved bearing surfaces are
being developed to reduce the generation of wear particles.
Ceram Tec AG has set itself the goal of increasing the life
of artificial knee joints using ceramic femoral condyles with
polyethylene.
The advanced
BioloxE delta is
being evaluated
in a number of
ceramic knee
designs.

It is important to remember that most total knees fail due to
mechanical overload either caused by mal-alignment and
Jor overload by patient related activities. Joint instability
(resulting in increased implant loads on material) is the
critical failure path for total knee implants. New materials
have resulted in some early failures as demonstrated above
and have made the market place question the basic science
to an increased level of scrutiny. Testing new materials in a
worst case or increased activity level will become the new
standard.
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Measuring wear from retrieved components is a difficult
proposition. Not only is it difficult to determine the control
knee measurements (unworn: dbefored), estimating the change
(Oafterd) due to wear, as distinct to creep or plastic flow,

adds additional uncertainties. For example, it is generally
believed that crosslinking effects will greatly reduce wear

of the UHMWPE insert. Thus it is puzzling to read that one
analysis of retrieved tibial inserts apparently demonstrated
an 84% reduction in linear wear with EtO sterilized inserts
compared to gamma/air (90um/year versus 550um/year). In
other words, non-crosslinked knees did better (Williams et al
1998). A secondary limitation is that wear debris is a volume
consideration. Studies quoting only olineard wear data offer
little help in this regard.

Collier et al (2005) provided a very interesting study of
design features using the AMK knee. They asked the question
whether polyethylene processing, sterilization method or

tray design (backside wear) had made a difference to the
prevalence of osteolysis in the AMK design. The roughness
of titanium base plate (Ra 1,000nm) that was 10-fold greater
than the later CoCr design (< 100 nm). The study was
additionally complicated by the use of 4 types of resin (GUR:
1050, 1900, 4120, 4150) and four sterilization methods (EtO

=4, gamma/air = 263, gamma/N, = 54 and gas plasma = 44).
Shelf age was another factor with the inserts averaging 0.9
years with maximum life at 7.1 years. At 8 years follow-up,
the highest osteolysis was a 54% incidence (6confirmedd +
osuspiciousd) for the combination Ti64 tray with gamma/air.
At 8 years, the least osteolysis was 21% for the combination
with CoCr tray and gamma/N, i.e. reduced by more than half!
At lesser time of 6 years, osteolysis was 28% for combination
CoCr/GP-sterilized. Thus four conclusions were considered:

a) Osteolysis was 4-fold more likely with AMK gamma/air
than gamma/N,

b) Osteolysis with Ti64 trays was 2.6-fold more likely than
with CoCr base plates.

¢) Knee hyperextension (impingement) added more risk of
osteolysis.

d) It was noted that the non-crosslinked (GP) AMKs did
quite well!

It was also interesting that the incidence of osteolysis with the
AMK design could be as high as 54% at only 8 years.

A detailed AMK retrieval study set out to measure obacksided
wear (Conditt et al, 2005). A set of 15 retrieved AMK tibial
inserts were analyzed with 3-12 years use. Each retrieved
insert was scanned for backside wear by a laser profilometer.
The backside wear averaged 138 mm?3/year (SDN 95 mmé/yr).
With maximum wear being approximately 3-fold greater than
the average, this meant that some cases had wear approaching
420mm3/year. This is a very large wear rate, particularly

for only backside wear of the AMK design. Noted here but
not reviewed, a 2nd paper reported backside wear in fixed-
bearing TKR as 120 mm3/yr (Mayor et al, AAOS2005).

For a different approach, Oxford UK attempted RSA

measurements of knee wear from x-rays. This would appear
at first glance to
be an impossible
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task. Gill et al e " ®® - AGC knee contact for
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method in 6 e (Gil et al 2006).
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They estimated 5 =

total volume loss
could be from
400 mm3 to 1,056 mm3. Their best average was given as 600
mm?3, representing a wear rate of 100 mm?®/year. Thus, this
overall RSA wear rate for AGC knees was in the same range
as the backside wear of the AMK knees. They also provided
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