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Abstract

changed over a 10-year time-period.

performed (2005-2009 and 2010-2014).

Background: The number of total knee arthroplasties (TKA) performed in the United States is projected to rise
significantly, with a proportionate increase in the revision burden. Understanding the mechanism of failure in primary
TKA is important as etiologies continue to evolve and reasons for revision change. The purpose of this study was to
determine the reason for revision TKA at our institution among early and late failures and assess if the etiology has

Methods: We identified 258 revision TKAs performed at our institution between 2005 and 2014. Reasons for revi-
sion TKA were categorized according to diagnosis. We also conducted subgroup analysis for TKA revisions performed
within two years of the primary TKA (early failures) and those performed after two years (late failures). Revision TKAs
were also grouped by year of primary TKA (before and after 2000) and time period in which the revision TKA was

Results: The most common reason for revision TKA was infection (29.3%), followed by aseptic loosening (19.7%),
which together accounted for half of all revisions. Other indications for revision were instability (11.6%), osteolysis
(10.4%), arthrofibrosis (8.1%), polyethylene (PE) wear (7.7%), malalignment/malposition (5.4%), patellar complication
(3.1%), periprosthetic fracture (2.3%), pain (1.5%), and extensor mechanism deficiency (0.8%). Nearly half of early fail-
ures (47%) were due to infection. Osteolysis and PE wear made of a significantly higher proportion of revisions of TKAs
performed prior to 2000 compared to index TKAs performed after 2000.

Conclusion: At our institution, infection was the most common reason for revision TKA. Infection had a higher rate
of early revisions. Proportion of TKAs revised for osteolysis and PE wear was higher for TKAs performed prior to 2000.
Proportion of revision TKA for infection and instability were higher with TKAs performed after 2000.

Keywords: Total knee arthroplasty, Revision, Failure, Etiology

Introduction

Total knee arthroplasty (TKA) is one of the most success-
ful surgeries currently performed in the United States [1].
The success of TKA, combined with an aging population
and patients’ desire to remain active throughout retire-
ment drives the growing demand for TKA. Projections
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estimate that demand for primary TKA to be almost 3.5
million annually in the United States by 2030 [2]. The num-
ber of revision TKAs will increase over time as a function
of higher volume of primary TKA and the trend for pri-
mary knee arthroplasty being performed in younger, more
active patients. The demand for revision TKA is projected
at 268,200 cases by 2030 [2]. Revision TKA is associated
with increased patient morbidity and mortality [3, 4], and
imposes a significant financial burden on the health-care
system [2, 5]. Understanding why primary TKAs fail may
allow for improvements in patient selection and optimi-
zation, surgical techniques, and implant design. Although
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previous authors have investigated the etiology of TKA
failure, the literature remains relatively sparse, especially
regarding recent data from the United States. It is unclear
if the surgical indication for revision TKA has remained
similar despite regional differences and trends in practice
patterns, and evolving technologies.

The primary purpose of this study was to determine
the indications for revision TKA over a ten-year period
at a single institution. Secondary goals included assess-
ing if the etiology for TKA failure differed between: (1)
early (less than 2 years) and late (greater than 2 years)
failures, (2) primary TKAs performed prior to Decem-
ber 31, 1999 and those performed after January 1, 2000,
and (3) revision TKA performed between January 1,
2005 through December 31, 2009 and those performed
between January 1, 2010 through December 31, 2014.
We hypothesized that reason for revision TKA would not
change over time and that reason for revision at less than
two years would be different compared to revision per-
formed after two years and this would not change over
time despite new techniques and technologies.

Methods

The institutional total joint arthroplasty database was
queried to identify all revision TKA cases performed
over a ten-year period (January 1, 2005 — December 31,
2014) at our institution, which serves as a tertiary refer-
ral center for knee arthroplasty. This database includes
prospectively collected data and is approved by our insti-
tutional review board (IRB). Exclusion criteria included
revision of a previous unicompartmental knee arthro-
plasty (UKA) and any previously revised TKA. Fail-
ure mode was assumed to be the diagnosis listed by the
attending surgeon in the operative note from revision
TKA; the operative note and electronic medical record
(EMR) were retrospectively reviewed to confirm the diag-
nosis listed in the operative note. TKA failure was cat-
egorized as: aseptic loosening, osteolysis, periprosthetic
joint infection (PJI), instability, periprosthetic fracture,
arthrofibrosis, polyethylene (PE) wear, patellar loosen-
ing, malalignment or malposition, extensor mechanism
deficiency, or pain. As previous authors have suggested,
etiology of failure can be multifactorial, and variability
exists among surgeons in assigning failure mode. Fur-
thermore, failure modes often exist along a continuum,
especially aseptic loosening, osteolysis, and PE wear.
Aseptic loosening was defined as prosthetic loosening
in the absence of macroscopic PE wear. Osteolysis was
defined as prosthetic loosening with macroscopic PE
wear. PE wear was defined similar to previous authors
as macroscopic polyethylene wear with stable, well-fixed
implants [6-8]. PJI was diagnosed using criteria estab-
lished by the Musculoskeletal Infection Society (MSIS),
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which have been periodically updated [9, 10]. Instability
was diagnosed according to clinical examination and his-
tory as previously described [11]. If a secondary etiology
for revision TKA was identified, only the primary etiol-
ogy for revision was recorded. Failed TKAs were clas-
sified as either early or late using a definition similar to
previous authors: early failures were defined as revision
TKA performed less than two years from the index TKA
[6, 7, 12]. Revision TKAs were stratified according to
whether primary TKA was performed before or after Jan-
uary 1, 2000. January 1, 2000 was selected because this
approximates the time period before and after improved
polyethylene production and sterilization techniques
were broadly adopted, which have been documented
to impact PE wear rates [13]. Revision TKAs were also
stratified according to when the revision TKA surgery
was performed, i.e., January 1, 2005 through Decem-
ber 31, 2009 and January 1, 2010 through December 31,
2014. Time to revision and selected patient demographic
details, including age, sex, and body mass index (BMI)
were also recorded for each revision TKA.

Statistical analysis

Descriptive statistics were calculated to summarize etiolo-
gies for revision TKA and time from index primary TKA
to revision TKA. Chi-square tests were used to compare
the etiology for revision TKA between time-period of
both primary TKA and revision TKA. Time to revision
between etiologies was compared using one-way ANOVA.
SPSS version 13.0 was used for all analyses and an alpha
level of 0.05 was used to determine statistical significance.
An investigator with advanced training in statistics was
involved in study design, data collection, and data analysis.

Results
332 revision TKAs were performed at our institution
from January 1, 2005 through December 31, 2014. 74
revision TKAs were excluded because the etiology was
failed UKA or a previously revised TKA. 258 revision
TKAs remained for analysis. 148 (57.5%) index primary
TKAs had been performed at our institution and 110
(42.4%) had been performed at an outside institution.
The most common etiology for revision TKA was PJI
(n=75, 29.3%), followed by aseptic loosening (n=51,
19.7%), instability (n=30, 11.6%), osteolysis (n=27,
10.4%), arthrofibrosis (n=21, 8.1%), PE wear (n=20,
7.7%), malalignment (n=14, 5.4%), patellar loosening
(n=8, 3.1%), periprosthetic fracture (n=6, 2.3%), pain
(n=4, 1.5%), and extensor mechanism deficiency (n=2,
0.8%) (Fig. 1). Selected patient characteristics, includ-
ing sex, age at index TKA, and BMI are summarized in
Table 1. There were no significant differences in terms of
sex or BMI between causes for revision TKA. There was
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Fig. 1 Etiology of TKA Revision. Percentage of total TKA revisions is displayed on the vertical axis and cause of revision is displayed on the horizontal axis

a significant difference in age between causes for revision
TKA. Time to revision for aseptic loosening, osteolysis,
and polyethylene wear, and periprosthetic fracture was
longer compared to other etiologies (Table 1).

75 (29.3%) revision TKAs were performed in the early
period (<2 years from index TKA) and 183 (70.7%) were
done in the late period (> 2 years from the index TKA)
(Fig. 2). Patient age at surgery was significantly higher
for early failures (66.4 years vs. 61.4 years, P<0.001).
Rate of revision TKA was significantly increased for PJI
(P<0.001) and instability (P<0.05) among early fail-
ures. Conversely, rate of revision TKA was significantly
decreased for aseptic loosening (P<0.001), osteolysis
(P<0.001), and PE wear (P<0.001) among early failures.

Revision TKA was performed for 76 (29.3%) index
TKAs implanted prior to 2000 and 182 (70.7%) per-
formed after 2000 (Fig. 3). Patient demographics were
not statistically different between the two periods
in terms of sex or BMI, however, patient age was sig-
nificantly greater in the group undergoing index TKA
after 2000 (64.3 years vs. 59.3 years, P<0.001) (Table 1).
There was a significant increase in rate of revision TKA
for PJI (35.7% vs. 13.2%, P<0.001), instability (14.8%
vs. 3.9%, P<0.05), and arthrofibrosis (11.0% vs. 1.3%,

P<0.01) for TKAs performed after 2000. Conversely,
the rate of revision TKA was significantly decreased for
osteolysis (1.1% vs. 32.9%, P<0.001), and PE wear (3.3%
vs. 18.4%, P <0.001) for TKAs performed after 2000.
109 (38.2%) revision TKAs were performed between
2005-2009 while 149 (57.8%) were performed between
2010-2014 (Fig. 4). Patient demographics were not statis-
tically different between the two periods (Table 1). Rate
of revision TKA was significantly increased for aseptic
loosening (12.8% vs. 24.7%, P<0.05) from 2005-2009
compared to 2010-2014. Conversely, there was a signifi-
cantly decreased rate of revision for PE wear (12.8% vs.
4.0%, P<0.01) from 2005—-2009 compared to 2010-2014.
The majority of patients had all components revised.
This was done in 151 (58.5%) cases. Polyethylene
exchange was the next commonest procedure, which
was done in 83 (32.2%) cases. Isolated component revi-
sion was performed in 19 cases, with femur only in 2,
tibia only in 5, and patella only in 12. Status of compo-
nents was unknown for 5 cases. Details of components
exchanged for each diagnosis are provided in Table 1.
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TKA Revision Etiology: Time to Revision
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Fig. 2 TKA Revision Etiology: Time to Revision. Number of TKA revisions is displayed on the vertical axis and cause for revision is displayed on the
horizontal axis. Black bars indicate TKA revision performed less than two years after primary TKA. Grey bars indicate TKA revision performed more
than two years after primary TKA

Discussion

Demand for revision TKA is on the rise. This increase is
likely multifactorial: (1) primary TKA is being performed
more frequently and is more accepted by younger, more
active patients, (2) a better understanding of and abil-
ity to diagnose TKA failure modes, and (3) improved
surgical techniques to address failed TKA. Revision
TKA is economically costly, with a total yearly expendi-
ture of $13 billion projected by 2030 in the US [14], and
imposes significant morbidity and mortality on patients
[3]. As the US healthcare system appropriately continues
to emphasize value, understanding the etiology of revi-
sion TKA has become particularly important. Previous
investigators have reported on revision TKA and selected
results are summarized in Table 2. Registry and national
databases offer a broad overview of etiologies for revi-
sion TKA but the lack of granularity precludes detailed
analysis of cases to best determine the etiology of fail-
ure and also prevents analysis of patient level data. Ret-
rospective reviews allow for more in-depth analysis but
are often limited to relatively small numbers and to cer-
tain geographic areas and time periods and are restricted
by other methodologic flaws inherent to retrospective

studies. Our current study provides additional data
regarding revision TKA at a tertiary arthroplasty referral
center within the United States and supports and rein-
forces similar previous studies in the literature.

PJI was the most common etiology for revision in our
study, accounting for 29.3% of revision TKAs overall and
nearly half (47.4%) of early revisions. PJI being the com-
monest etiology for revision TKA is similar to the results
reported by other authors from large database studies
[15, 16], and many retrospective reviews [7, 12, 17-19].
PJI was not the most frequent reason for revision TKA
in one registry study [20] and other retrospective reviews
[6, 8, 21, 22]. There did not appear to be any chronologi-
cal trend in the literature for the proportion of revision
TKAs performed for PJI. Despite significant work to
identify risk factors for PJI and implementation of pre-
operative patient optimization protocols to minimize
the risk of PJI [23-27], PJI remains a significant mode of
failure and requires further effort within the arthroplasty
community.

Aseptic loosening was the next most prevalent etiology
for revision TKA in our study, accounting for 19.7% of
revisions. Aseptic loosening was more common among



Brown et al. Arthroplasty (2022) 4:39 Page 7 of 12
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late revisions (25.7%) compared to early revisions (5.3%).
Aseptic revision was a common cause for revision in the
literature, with percentage of revision due to aseptic loos-
ening ranging from 14.9% to 40.0% and was reported as
the most frequent etiology of revision by several investi-
gators [6, 20—22]. Sharkey et al. commented that cement-
less fixation was a risk factor for aseptic loosening.
Previous cementless knee designs had documented high
failure rates, more recent cementless designs have shown
equivalent survivorship at short- to mid-term followups
[28-31]. Cement viscosity has also been investigated as a
source of loosening [32-34]. Our study was not designed
to investigate the differences in cemented vs. cementless
fixation or cement viscosity. However, we believe these
issues require further investigation to determine their
impact on implant fixation.

Instability accounted for 11.6% of revisions in our
study. Instability was more common among patients
undergoing early revision (18.4% vs. 8.7%) and among
patients with primary TKA performed after 2000 (14.8%
vs. 3.9%). Revision rates for instability reported in the lit-
erature ranged from 5.3%—21.8%. Sharkey et al. reported
lower incidence of instability over time [6, 21], perhaps
due to improved implant designs and surgical techniques.
Instability was unchanged between revisions performed

2005-2009 and 2010-2014 in our study. However, our
finding of increased rate of revision for instability among
primary TKAs performed after 2000 is counterintui-
tive as conventional thinking is that improved implant
design will translate to improved stability. However, one
explanation for this seemingly counterintuitive increase
in revision for instability is an improved understanding
of the problem and its presentation with concomitant
improvement in surgical techniques to address instabil-
ity. Another possible explanation is that newer implant
designs failed to improve knee kinematics and stability
compared to previous implants. It is beyond the scope of
the current paper to explain this observation and further
work is required.

Osteolysis accounted for 10.4% of revisions in our
study. All revisions for osteolysis were performed more
than 2 years from index TKA and the vast majority
(25/27) were performed in primary TKAs performed
prior to 2000. These data correspond to improved under-
standing of PE failure modes and the transition to sterili-
zation of PE in inert environment free from oxygen. We
do not, however, have information on PE used in TKAs
that failed for osteolysis and we cannot definitively link
the decreased rate of failure secondary to PE wear to the
improvement in PE sterilization. Osteolysis was reported
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Fig. 4 TKA Revision Etiology: Revision Time Period. Number of TKA revisions is displayed on the vertical axis and the cause for revision is displayed on
the horizontal axis. Black bars indicate revision TKA performed between 2005-2009. Grey bars indicate revision TKA performed between 2010-2014

as failure mode ranging from 2.6-9% in the literature,
however, only 3 studies listed osteolysis as a failure mode,
which is likely due to overlap between osteolysis and PE
wear when assigning failure modes.

Arthrofibrosis accounted for 8.1% of revisions in our
study, including 13% of early revisions and 6% of late
revisions. Arthrofibrosis, as a cause for revision, ranged
from 2.3-27.5% in the literature. Arthrofibrosis is a mul-
tifactorial process and the diagnosis and treatment of this
pathology are somewhat variable, which makes compari-
son of results difficult.

PE wear accounted for 7.7% of revisions in our study
and 19 of 20 failures occurred greater than 2 years, as
would be expected. 14 of 20 failures were in primary
TKAs implanted prior to 2000, which, we again hypoth-
esize, is related to improved methods of PE sterilization.
Revision for PE wear reported in the literature ranged
from 3.1-25.0%. There appears to be a trend in the pub-
lished literature for decreased rates of failure attributed
to PE wear over time.

Malalignment accounted for 5.4% of revisions in our
study. The rate of revision for malalignment in the litera-
ture ranges from 0.4-20.7%. The understanding of and

ability to analyze component position using CT protocols
has increased over time.

Patellar loosening, periprosthetic fracture, and pain
each accounted for less than 10 revisions in our series.

The spectrum and timing of etiologies of revision
TKA in this study were similar to previously pub-
lished literature and show that early revisions are rarely
implant-related but more related to patient and sur-
geon technical factors, such as infection, arthrofibro-
sis, instability and malalignment. Early revision of a
primary TKA is a devastating complication for patient
and surgeon alike. Focusing on causes and preven-
tion of early revision, such as modification of patient-
related variables and adoption of technologies such as
navigation and robotics to allow for more precise and
accurate prosthesis implantation may prove valuable.
However, at present, these technologies have demon-
strated improved component positioning but no change
in revision rates. Nonetheless, this study, while unable
to identify changes in incidence, suggests that signifi-
cant changes in etiology have not occurred.
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Late revisions were more consistently associated
with implant-related causes, such as loosening, wear
and osteolysis. This is not unexpected, but the data
confirm the biggest risk to long-term TKA success
remains implant-related variables. Advances in tech-
nology, such as enhanced polyethylene, improved
cementing techniques, modern cementless design may
ultimately reduce some late revisions, but this was
not demonstrated in our study. We were surprised by
the relatively low incidence of periprosthetic fracture
as a reason for revision, but did not study the rate of
revision vs. ORIF and prosthesis retention in our
population.

This study has several limitations. First, our study is
limited by variability inherent to determining the eti-
ology of TKA failure. As previous investigators have
suggested, failure is often multifactorial and modes
of failure may overlap, particularly aseptic loosening,
osteolysis, and PE wear. Second, our study design likely
systematically underreported periprosthetic fracture
and extensor mechanism deficiency as failure modes
following primary TKA because we only identified
periprosthetic fracture or extensor mechanism defi-
ciency as etiology of failed TKA if the problem required
revision TKA. Periprosthetic fracture and extensor
mechanism disruption are often amenable to opera-
tive fixation or repair without revision TKA. Third,
we do not have details on the implants used in the pri-
mary TKA and we cannot comment on specific implant
designs or fixation mechanisms as being associated
with higher revision rates.

Conclusion

Our data demonstrated that PJI remains the dominant
failure mode, especially for early failures. Aseptic loos-
ening, instability, and arthrofibrosis are also prevalent
modes of failure. Surgeons should exercise care with
patient selection and optimization efforts prior to TKA
to minimize risk of PJI. Aseptic loosening may be related
to implant design, cement viscosity, and fixation type
(cementless vs. cemented) and continued investigation of
these issues to maximize long-term fixation are merited.
Instability is largely dependent on surgical technique
implant design and, with better understanding of this
failure mode, there may be an initial increase in the revi-
sion burden due to heightened awareness.

Abbreviations

TKA: Total knee arthroplasty; PE: Polyethylene; IRB: Institutional review board;
EMR: Electronic medical record; PJI: Periprosthetic joint infection; MSIS: Muscu-
loskeletal Infection Society.
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