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Revision knee data from six joint arthroplasty centers were compiled for 2010 and 2011 to determine
mechanism of failure and time to failure. Aseptic loosening was the predominant mechanism of failure
(31.2%), followed by instability (18.7%), infection (16.2%), polyethylene wear (10.0%), arthrofibrosis
(6.9%), and malalignment (6.6%). Mean time to failure was 5.9 years (range 10 days to 31 years). 35.3% of
all revisions occurred less than 2 years after the index arthroplasty, 60.2% in the first 5 years. In contrast to
previous reports, polyethylene wear is not a leading failure mechanism and rarely presents before 15 years.
Implant performance is not a predominant factor of knee failure. Early failure mechanisms are primarily
surgeon-dependent.
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Understanding why total knee arthroplasties fail today is impor-
tant for improving outcomes and directing efforts to minimize the
high medical and socioeconomic costs associated with knee arthro-
plasty failure. The number of primary total knee arthroplasty (TKA)
performed in the United States has increased dramatically over the
past 10 years to more than 615,000 in 2008 [1]. Projections estimate
that demandwill continue to grow to more than 3 million annually by
2030. [2] The volume of revision TKA increased to more than 75,000
during the same time period and has been projected to further
increase by 600% by 2030 [2]. Whereas it is expected that increased
primary knee volume would increase revision volume, the cause and
rate of failure cannot be ignored.

Outcome studies can initiate surgeon and hospital efforts to
improve surgical technique and clinical care guidelines, and can
motivate industry to improve instrumentation, implant design, or
materials. However, most studies on TKA failure describe single-
surgeon, single-implant, and/or single-institution results that report a
small percentage of failed knee arthroplasties [3–5]. Yet, population
studies continue to demonstrate a much higher failure rate [6,7].

The current study attempts to report why TKA is failing today,
similar to previous studies by Fehring et al and Sharkey et al who
looked at failure mechanisms for revision TKA performed between
1986 and 2000 [8,9]. These studies demonstrated that a majority of
failures occurred in the first few years, with a disproportionate
amount for infection and implant-associated failure mechanisms.
Since these studies were published, efforts have been made to
improve implant performance and instruct surgeons towards best
practice total knee techniques. Unlike previous studies, this paper
compiles results from a multi-center evaluation of revision TKA cases
during 2010 and 2011. The purpose of this study is to report a detailed
analysis of the failure mechanism and the time to failure to determine
whether the failure mechanism of primary TKA has changed over the
past 10–15 years.

Patients and Methods

A retrospective review of failed primary total knee arthroplasties
that presented for revision surgery at six different orthopedic
institutions (two major university academic centers, two non-
university academic centers, and two community total joint centers)
between January 1, 2010 and December 31, 2011 yielded 844 knees.
Demographic data included patient gender, age, weight, height, and
BMI at the time of revision. The primary mechanism of failure was
determined by the operating surgeon with information collected
during preoperative consultation, radiographic evaluation, intraoperative
analysis, and laboratory results if necessary (Table). All institutions used
a standardized spreadsheet to record data and categorize mechanism of
failure. Only primary revision surgery was tabulated. Isolated polyethy-
lene exchange for possible infection was not considered a revision
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surgery to avoid counting a single septic failure multiple times. Time to
failure was determined from patient health history forms, and classified
into four time intervals (Table).

Results

Mean age was 65.0 years and BMI was 33.8 for patients
undergoing revision. Men comprised 37% (313) of the knee failures
and women 63% (531). Mean time to revision was 5.9 years (range
10 days to 31 years). More than one-third (35.3%) of knee revisions
occurred in the first two years, 24.9% from 2 to 5 years, 29.5% from 5 to
15 years, and 10.3% after 15 years (Table).

Aseptic loosening was the predominant mechanism of failure,
followed by instability, infection, polyethylene wear, arthrofibrosis,
and malalignment (Table). These six mechanisms of failure repre-
sented 89.7% of all failures.

Discussion

Understanding TKA failure mechanisms is crucial for reducing the
revision rate and its associated costs in this country. Initial reports of
TKA outcomes were single-implant/single-surgeon studies that
generally described the excellent results of high-volume, expert
surgeons [3–5]. However, this type of study cannot compare out-
comes of different implant designs, is less likely to be reported when
results are negative [10], and demonstrates that not everyone is an
expert high-volume surgeon. Whereas single-surgeon reports gener-
ally document low failure rates, overall TKA revision rates are much
higher across the US [7]. National registries, in which all primary and
revision cases are recorded, best determine TKA failure rates and can
compare a large number of different implants, but they are poor at
differentiating failure mechanism. Recently implemented ICD-9CM
diagnosis and procedure codes have allowed analysis of 60,000 TKA
revisions using administrative claims data from the Nationwide
Inpatient Sample (NIS) database [11]. But while this study reported
failure mechanisms, uncertainties exist regarding both compliance
and accuracy of diagnosis and procedural coding. Additionally,
administrative claims data analysis cannot determine failure rate or
etiology of failure over time. The current multi-center study offers a
more accurate evaluation of failure mechanism and its relation to
time. A limitation of this study, in which a significant number of the
index procedures were referrals, is the absence of a known baseline
population from which all the knee failures derive. This prevents a
failure rate calculation. In addition, while this multi-center study
analyzes more cases than previous studies, the number of failures of
any specific implant type was not large enough to determine specific
implant’s contribution towards knee failure. Finally, surgeons were
asked to determine the primary failure mechanism on each of their
own revisions. Different surgeons may have used different de-
terminations of the primary failure mechanisms for a similar case.
Table
Mechanism of Failure Over Time.

b2 Years

All Patients 844 100.0% 298 35.3%

Aseptic Loosening 263 31.2% 56 18.8%
Instability 158 18.7% 75 25.2%
Infection 137 16.2% 68 22.8%
Poly Wear 84 10.0% 3 1.0%
Arthrofibrosis 59 7.0% 38 12.8%
Malalignment 56 6.6% 24 8.1%
Isolated Patella Revision 35 4.1% 15 5.0%
Periprosthetic Fracture 27 3.2% 7 2.3%
Other 13 1.5% 7 2.3%
Extensor Mechanism 10 1.2% 5 1.7%
AVN patella 2 0.2% 0 0.0%
A common conclusion to all reports on primary total knee
arthroplasty failure is that a unique and significant subset of revisions
occurs early. Two studies presented in 2001 described knee failure in
the 1990s. In a series of 440 knees reported by Fehring et al and
revised over a 14-year period, 63% failed less than 5 years after the
index arthroplasty [8]. Sharkey et al reported that 55.6% of 212 knees
revised over a 3-year period failed less than two years after primary
surgery, with mean time to failure 3.7 years (range 8 days to
28 years) [9]. In the current study, 35.3% of all revisions were
performed less than two years from the index knee arthroplasty, 60%
in the first five years. The mean time to failure was 5.9 years (range
10 days to 31 years). Of note, while the range of time to failure is
similar to previous studies, the mean is 60% longer than reported a
decade earlier by Sharkey et al [9].

The most common failure mechanisms in this study were aseptic
loosening, instability, infection, polyethylene wear, arthrofibrosis, and
malalignment, which combined represent 90% of the primary knee
failures. However, failure mechanisms vary over time and this study’s
ability to differentiate revisions across time allows analysis of each
failure mechanism. Instability (25.2%) and infection (22.8%) were the
most common failure mechanisms in the group revised under two
years, but were rare after 15 years (Table). Arthrofibrosis similarly
represented 10% of all revisions less than five years, but was
uncommon after five years. Conversely, polyethylene wear repre-
sented less than 1% of revisions under five years, but was the leading
failure mechanism after 15 years (48.3%). Aseptic loosening was the
only failure mechanism that was consistent across time, representing
more than 19% of failures in each time interval.

In contrast to the Sharkey et al paper in which polyethylene
wear was the leading cause of TKA failure [9], polyethylene wear in
the current study represented only 10% of all revisions. This drop
reflects changes in both implant design and polyethylene
manufacturing during the past 15 years that have led to decreased
polyethylene wear. Implant design changes have improved articu-
lations to avoid point-on-point contact areas, improved locking
mechanisms to ensure secure capture, and produced highly
polished surfaces to minimize polyethylene wear [12,13]. Even
more significant was the realization that polyethylene sterilized by
gamma irradiation in air caused oxidative degradation and
increased polyethylene wear [14]. The majority of knee failures
for polyethylene wear reported by Sharkey et al were done to
replace damaged polyethylene components [9]. Polyethylene
sterilization changes, such as sterilization in an oxygen-free
environment, have significantly improved polyethylene wear
properties [15]. Today, only revisions performed on knees more
than 15 years postoperatively are likely to have polyethylene more
susceptible to oxidation, leading to increased wear and clinical
failure. Current knee components have improved designs and the
wear properties of polyethylene have been improved, resulting in
low knee failure due strictly to implant performance.
2–5 Years 5–15 Years N15 Years

210 24.9% 249 29.5% 87 10.3%

82 39.0% 99 39.8% 26 29.9%
39 18.6% 40 16.1% 4 4.6%
35 16.7% 29 11.6% 5 5.7%
1 0.5% 38 15.3% 42 48.3%

15 7.1% 5 2.0% 1 1.1%
16 7.6% 15 6.0% 1 1.1%
9 4.3% 8 3.2% 3 3.4%
5 2.4% 12 4.8% 3 3.4%
4 1.9% 1 0.4% 1 1.1%
4 1.9% 1 0.4% 0 0.0%
0 0.0% 1 0.4% 1 1.1%
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The predominant failure mechanisms in this study surround the
surgical procedure. Infection, instability, malalignment, arthrofibrosis,
and aseptic loosening are, at least in part, under the surgeon’s control.
In this study, infection accounted for 22.8% of revisions less than two
years from the index procedure. Similar infection rates (25.2%) were
seen in an assessment of the NIS database [11]. Infections that occur
early are most likely the result of the operating room environment,
intraoperative contamination, or immediate postoperative wound
complications [16]. Risk factors often are divided into host and
surgical factors. The surgeon has limited control over the host factors,
but may affect them with careful patient selection, education, and
aggressive medical optimization in an effort to decrease infection.
Patients who are malnourished, morbidly obese, tobacco abusers, or
have associated high-risk medical comorbidities such as renal failure
and diabetes mellitus, are at increased risk of developing wound-
healing problems [17]. Perioperative factors, such as appropriate
antibiotic administration, minimizing operating room traffic, avoiding
soft-tissue trauma, and careful hemostasis, all have contributed to
decreased TKA infection rate [16,18]. Fehring et al reported infection
as the leading cause in 38% of 279 revisions occurring less than two
years from the index procedure. They concluded that prevention of
early infection requires attention to perioperative detail [8]. While
difficult to completely eliminate, infection rates can be reduced if the
surgeon addresses host factors and mandates an emphasis on quality
control and standardization of perioperative care.

In the current study instability was the leading cause of knee
failure at less than 2 years, and the second most common failure
mechanism from 2 to 15 years. Primary instability occurs intraopera-
tively when ligaments are balanced poorly, leading to varus–valgus
instability or failure to properly balance the flexion–extension gaps
[19]. This preventable mechanism of early failure occurred in 25.2% of
knee revisions less than two years after their index procedure, which
is similar to previous reports in the literature [8,19,20]. Progressive
instability occurs in knees with initial well-functioning implants due
to ligament loosening [19,20]. Progressive instability appears to be
multifactorial, with possible causes includingmalalignment, excessive
activity, and injury. [21] Repetitive injury from excessive stress on the
collateral ligaments secondary to obesity also may lead to progressive
instability [19].

Multiple patient-related conditions have been associated with
increased stiffness after TKA. Diabetes, rheumatoid arthritis, ankylos-
ing spondylitis, as well as restricted preoperative motion have been
associated with arthrofibrosis [22]. In this study, revisions performed
for knees with limited range of motion occurred in 12.8% of revisions
in the first two years after the index procedure. Similar to other failure
mechanisms that predominantly occur early, arthrofibrosis has
several etiologies related to poor surgical technique. Poor ligament
balance, component malposition, and oversized components all have
been associated with restricted motion [23]. An unrecognized tight
posterior cruciate ligament may lead to tight flexion, extension, or
both [24,25]. Arthrofibrosis rarely was the cause of late revision with
only 10% being performed after 5 years. An initially successful knee
that develops arthrofibrosis over time likely has an underlying
alternative primary mechanism of failure such as aseptic loosening,
infection, or polyethylene wear, which all lead to increasing synovitis,
mechanical pain, and secondary restriction of motion.

Implant malalignment has received more attention than any other
aseptic mechanism of loosening over the past 15 years. Initial reports
have demonstrated the increased risk of knee failure with a
mechanical alignment error of more than three degrees, which is
magnified in patients with higher BMI [26]. This has been questioned
by a recent study suggesting that slightly malaligned knees do just as
well [27]. However, the overall failure rate in this small cohort of
patients was higher than the alignment-based aseptic loosening rates
in the study by Ritter et al [26], suggesting a multifactorial
pathophysiology of alignment-based failure in TKA.
Alternative surgical techniques have been offered over the past
15 years in an attempt to improve implant alignment and, as a result,
TKA outcomes. Computer-assisted orthopedic surgery (CAOS) and
patient-specific cutting guides have been developed as alternative
surgical alignment techniques. While both techniques have demon-
strated some improvement in implant alignment, both add signifi-
cant cost to the overall episode of care and have not yet
demonstrated a significant cost–benefit argument [28,29]. Minimally
invasive surgical techniques, developed over the past decade in an
effort to minimize soft-tissue damage and improve knee recovery,
have been associated with an increased rate of malalignment
resulting from the adoption of these MIS techniques [30]. None of
these surgical techniques, whether potentially positively or nega-
tively affecting alignment, have been adopted in large enough
numbers to impact overall TKA failure rate. In this study, malalign-
ment represented less than 7% of all revisions.

Aseptic loosening was themost common failure mechanism in this
study (31.2%). Unlike other etiologies that occurred either early or
late, aseptic loosening occurred frequently throughout follow-up. Of
all the failure mechanisms, this is the least understood, and certainly
is the “catch-all” diagnosis of failed knees in which an alternative
diagnosis could not bemade. This category represents an extended list
of subcategories of failure mechanisms. Fehring et al reported 13% of
early failures were failures of cementless fixation, pointing out that
the etiologies of aseptic loosening of cementless implants will vary
from cemented implants [8]. In addition, variations in surgical
technique among surgeons may contribute to aseptic loosening.
Higher loosening has been demonstrated in cemented knees when
the tibial stem is left uncemented [31]. Variations among implants
within a single product line and among different manufacturers may
lead to different potential failure mechanisms. Tibial trays with short
stems have been associated with an increased rate of aseptic
loosening [32]. Implant specific failure reports have shown that
specific implants have had a high early rate of aseptic loosening [33].
In this study, no attemptwasmade to subcategorize aseptic loosening.
Moving forward, continued efforts need to be made to better define
and address aseptic loosening. The authors would suggest that the
term ‘aseptic loosening’ be used when the implant was initially well
fixed and subsequently loosened. These patients were generally well
satisfied with their knee initially. This would contrast with ‘failure of
fixation’ for implants that were never secure in which patients were
never satisfied with their knee.

In summary, the majority of knee failures still occur early; 35.3%
within 2 years and 60.2% within 5 years of the index procedure. The
mean time to failure was 5.9 years (range 10 days to 31 years).
Aseptic loosening was the predominant failure mechanism, but is
poorly defined and least understood. Infection, instability, arthrofi-
brosis, and malalignment were found in the current study to
predominantly occur early. Multiple factors under the surgeon’s
control led to these early failure mechanisms. In contrast to previous
reports, which likely are biased by differences in implant designs and
polyethylene quality, wear was not a primary mechanism of failure
and rarely presented prior to 15 years. Implant performance was not a
predominant factor of knee failure. Improving surgeon performance
through training, instrumentation, and technique development may
reduce early revisions.
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