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Failure of aseptic revision total knee arthroplasties
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Background and purpose — In Norway, the proportion of revi-
sion knee arthroplasties increased from 6.9% in 1994 to 8.5% in
2011. However, there is limited information on the epidemiology
and causes of subsequent failure of revision knee arthroplasty. We
therefore studied survival rate and determined the modes of fail-
ure of aseptic revision total knee arthroplasties.

Method — This study was based on 1,016 aseptic revision total
knee arthroplasties reported to the Norwegian Arthroplasty Reg-
ister between 1994 and 2011. Revisions done for infections were
not included. Kaplan-Meier and Cox regression analyses were
used to assess the survival rate and the relative risk of re-revision
with all causes of re-revision as endpoint.

Results — 145 knees failed after revision total knee arthro-
plasty. Deep infection was the most frequent cause of re-revision
(28%), followed by instability (26%), loose tibial component
(17%), and pain (10%). The cumulative survival rate for revision
total knee arthroplasties was 85% at 5 years, 78 % at 10 years, and
71% at 15 years. Revision total knee arthroplasties with exchange
of the femoral or tibial component exclusively had a higher risk
of re-revision (RR = 1.7) than those with exchange of the whole
prosthesis. The risk of re-revision was higher for men (RR = 2.0)
and for patients aged less than 60 years (RR = 1.6).

Interpretation — In terms of implant survival, revision of the
whole implant was better than revision of 1 component only.
Young age and male sex were risk factors for re-revision. Deep
infection was the most frequent cause of failure of revision of
aseptic total knee arthroplasties.

Globally, the number of knee arthroplasty operations is
increasing. In the USA, the incidence of primary total knee
arthroplasty (TKA) has increased from 51 per 103 inhabit-
ants in 1990 (Kurtz et al. 2007) to 215 per 10° in 2008 (Carr

et al. 2012). In Sweden, the incidence of knee arthroplasty
increased from 115 per 10° inhabitants in 2007 (Robertsson
et al. 2010) to 135 per 10° in 2011 (Sundberg et al. 2012). In
Norway, the incidence increased from 35 per 103 inhabitants
(Furnes et al. 2002) in 1999 to 90 per 10° in 2011 (Furnes et
al. 2012).

With an increasing aging population and increase in the use
of joint arthroplasty in younger people, the increase in knee
arthroplasty surgery will continue (Carr et al. 2012)—as will
the need for revision TKA (Kurtz et al. 2007). In the United
States, for example, projections suggest that the number of
revision TKAs will have increased from 38,000 in 2005 to
268,000 by the year 2030 (Kurtz et al. 2007). In Norway, the
revision burden, defined as the ratio of revision arthroplasties
to the total number of arthroplasties, increased from 6.9% in
1994 to 8.5% in 2011 (Furnes et al. 2012).

Many studies on knee arthroplasty have been based on data
from the Norwegian Arthroplasty Register (NAR), but all of
them concerned primary TKAs (Furnes et al. 2002, 2007,
Lygre et al. 2010a, b, Lygre et al. 2011, Gothesen et al. 2013).
No studies on the survivorship and the mode of failure of revi-
sion TKAs have been conducted in Norway, even though revi-
sion of joint arthroplasties is becoming a challenge both medi-
cally and economically (Greidanus et al. 2011). Moreover,
different surgical techniques have been described on how to
approach revision knee arthroplasties with regard to fixation
(Sheng et al. 2006, Whiteside 2006, Beckmann et al. 2011,
Cintra et al. 2011), role of constraint and stem use (Fehring et
al. 2003, Hwang et al. 2010), and whether or not to resurface
the patella (Masri et al. 2006, Patil et al. 2010). However, there
have been very few comprehensive studies on the outcome of
revision TKA. Thus, the main aim of this study was to analyze
the survival rate of revision TKAs and to study the causes of
failure of revision TKAs based on data in a national registry. A
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secondary aim was to determine whether the survival of revi-
sion TKAs is influenced by type of fixation, brand of pros-
thesis, and resurfacing of the patella. The study hypothesis
was that type of fixation, brand of prosthesis, and resurfacing
of the patella would have no influence on the survival rate of
revision TKAs.

Patients and methods
Participants

This study was based on data from the NAR, which has been
collecting information on knee arthroplasty operations (both
primary and revision operations) since 1994 (Havelin et al.
2000). The NAR has a registration completeness of 99% for
primary knee arthroplasties and of 97% for revision knee
arthroplasties (Espehaug et al. 2006).

41,499 primary TKAs were reported to the NAR between
January 1994 and December 2011. Of these, 1,752 TKAs
(4.2%) had a revision operation. Only revision TKAs that
had their corresponding primary TKAs recorded in the NAR
were included in the study. TKAs revised to rare or uncom-
mon prosthesis combinations (n = 8), revised due to infection
(n = 246), revised only with the addition of a patellar compo-
nent (n = 382), or revised to a hinged prosthesis (n = 50) were
excluded, as were prosthesis brands that had been used in less
than 10 revision TKAs (n = 50). Thus, 1,016 aseptic revision
TKAs remained for analyses (Figure 1).

The unique identification number assigned to each resident
of Norway was used to link sequences of operations (Furnes et
al. 2002, Lygre et al. 2011). Dates of emigration or death were
obtained from the National Population Register (Lygre 2010)
and the survival times of implants in these patients were cen-
sored at the date of emigration or death. Otherwise, the sur-
vival times were censored at the end of the study on December
31, 2011. Immediately after each operation, information on
knee arthroplasties performed at any Norwegian hospital is
routinely documented by the orthopedic surgeon on a stan-
dardized 1-page paper form and sent to the NAR. Information
on each implant component, with catalog numbers supplied by
the manufacturer, was obtained from the stickers and attached
to the form by the operating surgeon (Furnes et al. 2002).

Operational definitions

In this study, “revision” was defined as the removal, addition,
or exchange of part of an implant or the whole implant for the
first time. “Re-revision” was defined as revision of revision
TKAs. Re-revision of revision TKAs for any reason was the
main outcome in the survival analysis. The reasons for revi-
sion and re-revision operations were arranged into 14 catego-
ries. The reason for revision or re-revision was evaluated and
reported by the orthopedic surgeon. Multiple reasons could
be reported for each case. Pain was only considered as a pri-
mary cause of revision or re-revision if no other cause was
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Figure 1. Description of study population for revision total knee arthro-
plasties (TKAs) (Norwegian Arthroplasty Register (NAR) 1994-2011).

reported. Infection was considered as the primary cause of
failure if combined with other causes of revision or re-revi-
sion. Whether the whole prosthesis or parts of the prosthesis
were removed or exchanged at revision and re-revision were
recorded. The types of revision operations were arranged into
6 categories (Table 2). To make the material more homoge-
nous when we compared the types of revision operations, only
exchange of the whole prosthesis, exchange of the femoral or
tibial component, and exchange of the tibial liner were used in
the Kaplan-Meier and Cox regression analyses.

Statistics

Kaplan-Meier and Cox regression analyses were used to
assess the survival rate and the relative risk of re-revision
with all causes of re-revision as endpoint. The log-rank test
was used to reveal statistically significant differences between
groups in the Kaplan-Meier analyses. The median follow-up
time was calculated using the reverse Kaplan-Meier method
(Altman et al. 1995).

Survival analyses were undertaken separately for the differ-
ent types of revision TKAs (revision total knee arthroplasty
with resurfaced patella, or non-resurfaced patella) and the
different prosthesis brands. Separate survival analyses were
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Table 1. Demographic data for 1,016 revision TKAs reported to the NAR from January 1994 to December 2011. Values are percentages
Age at revision Males Type of fixation Stems 2 Bone PCS¢ TKA-NRP4Y Revised
<60 60-70 >70 Cemented ®© Hybridf Uncemented impaction 2003-2011
25 28 47 32 86 13 1 42 18 30 73 78

2 30% of revision TKAs had missing information regarding stems.

b Registration of information about the use of bone impaction started in 2005. Thus, this is the percentage of those knees operated between

2005 and 2011.
¢ PCS: posterior cruciate stabilizing.

d TKA-NRP: revision total knee arthroplasty with non-resurfaced patella.

€ Antibiotic-loaded bone cement was used in 99.9% of cemented prostheses.
f Some, but not all components (femoral, tibial, or patellar) were cemented.

also done for type of revision operation (exchange of the
whole prosthesis, exchange of the femoral or tibial compo-
nent, or exchange of the tibial liner), use of bone impaction
grafting (with or without), stems (with or without), posterior
cruciate stabilization (PCS) (with or without), type of fixation
(cemented, hybrid, or uncemented), and period of revision
operation (1994-2002 or 2003-2011). The survival curves are
given for survival times where more than 30 revision TKAs
remained at risk of re-revision.

In observational studies, such as arthroplasty registry stud-
ies, there may be systematic differences between groups of
patients with different types of prostheses, and these system-
atic differences may affect the validity of the results (Ranstam
et al. 2011). To account for systematic imbalance in predic-
tive factors between the patient groups with different types of
prostheses and to increase the validity of the results, adjust-
ment for covariates representing known or suspected con-
founders is essential. The Cox regression model is a statistical
tool to explore the effect of 1 or more factors on survival (rate)
and to adjust for potential confounding factors (Ranstam et al.
2011). Thus, in the Cox regression model we adjusted for the
potential confounding factors that we know from the registry
database: revision TKA with and without resurfacing of the
patella, age (< 60, 60-70, > 70 years), sex, type of fixation,
year of revision operation, type of revision operation, whether
or not the primary or the revision TKA was resurfaced, and
prosthesis brands. The selection of these adjustment variables
was based upon our own hypotheses and previous findings
from the literature.

The proportional hazard assumption of the Cox model was
assessed by graphical examination and by goodness-of-fit test
(Kleinbaum and Klein 2012). The goodness-of-fit test (which
is based on Schoenfeld residuals) showed that the assump-
tion was met for all variables included in the multiple Cox
regression analyses. However, for the graphical examination it
appeared that 2 variables (year of revision operation and type
of revision TKA) violated this assumption. Thus, adjustment
of relative re-revision risk ratios were performed by partition-
ing follow-up time into 2 intervals: 0-3 years and > 3 years
(for year of revision operation) and 0-7 years and > 7 years
(for type of revision TKA) using Cox regression analysis.

Table 2. Breakdown of types of revision operations: revision TKAs
and re-revision TKAs. Values are percentages

Type of operation Revision Re-revision

Exchange of femoral or tibial component 31 14
Exchange of the whole prosthesis 37 36
Exchange or insertion of patellar component 4 3
Exchange of tibial liner 25 20
Removal of part of prosthesis 1 18
Other, or incomplete information 2 9

All p-values < 0.05 were considered to be statistically sig-
nificant. The statistical analyses were performed using the
IBM-SPSS software version 21.

Ethics and protection of personal information

All data files and results were processed and presented anony-
mously according to the guidelines in the license given to the
NAR by the Norwegian Data Inspectorate (reference number:
03/00058-15/JTA and last issued April 19, 2012).

Results
Characteristics of revision TKAs

Demographic information and characteristics of revision
TKAs are summarized in Tables 1-3. The median (range)
age of all patients at the time of revision was 69 (25-94)
years. Women were over-represented (68%). 86% of the revi-
sion TKAs were cemented with antibiotic-loaded cement.
Exchange of the whole prosthesis (37%), exchange of the
femoral or tibial component (31%), and exchange of the tibial
liner (25%) were the most frequent types of revision opera-
tions performed. The Profix (n = 225) and the LCS Complete
(n =212) were the 2 most frequently used brands in Norway in
terms of the number of revision TKA operations.

Mode of failure and time to failure of revision TKAs

Overall, 145 knees (14%) failed after revision TKA. Deep
infection, instability, loose tibia, and pain alone were the 4
most frequent reasons for re-revision (Table 4). The mean
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Table 3. Demographic data on prosthesis brands commonly used in revision TKA operations
reported to the NAR from January 1994 through December 2011

(SD) time to failure of revision

TKA was 4.6 (3.5) years and 89
knees (61%) failed within the first

Brand of No. of Age at revision No. of No. of No. of 2 years after revision. The mean
i — i a — b . . ..

prosthesis prostheses <60 60-70 >70 males hospitals TKA-NRP time interval between revision

Profix 255 82 81 92 74 44 185 and re-revision TKA varied with

LCS Complete ¢ d 212 41 70 101 72 33 196 the mode of failure, and was 4.4

LCS ¢ e 150 23 43 84 38 29 110 he

Gonesis | 195 o4 o1 =i 37 20 63 years for loose tibia, 2.7 years f.or

NexGen 79 o8 20 31 26 26 48 pain alone, 2.2 years for instabil-

Duracon 9 74 26 21 27 31 13 61 ity, and 1.3 years for deep infec-

Vanguard h 28 3 9 16 8 8 27 tion

Triathlon ) 20 3 4 13 8 13 20 ’

AGC Anatomic ! 19 8 2 9 8 10 8 .

Kinemax 16 0 3 13 4 7 4 Type of revision TKA and

AGC Universal 16 7 3 6 7 8 9 year of revision operation

Tricon |1 15 7 2 6 6 11 5 . .

MAXIM K 10 3 2 5 4 5 8 The cumulative survival rates of

Total 1.016 255 284 477 828 66! 744 revision TKAs with all causes of

2 Number of hospitals that had used each of these prosthesis brands for revision.
b Revision total knee arthroplasty with non-resurfaced patella.

¢ Mobile-bearing prosthesis brands.

d 42 LCS for femoral component, 2 LCS for intermediate component, 2 LCS, 1 Profix, and 1 LCS
Universal for distal component were used in combination with LCS Complete for femoral compo-

nent.

€ 3 LCS Universal for distal component, 121 LCS Universal for intermediate component, 1 LCS
Complete for intermediate component, and 2 LCS Complete for patellar component were used in

combination with LCS.

f1 Tricon Il for distal component, 1 Tricon Il for intermediate component, and 1 Tricon-C with Pro-Flt

for femoral component were used in combination with Genesis .
9 1 KOTZ femoral and 1 KOTZ distal were used in combination with Duracon for other components.
h 1 AGC Universal for patellar component was used in combination with Vanguard for other compo-

nent.

i 3 MAXIM for distal component and 4 MAXIM for intermediate component were used in combination
~ with AGC Anatomic for femoral component.
112 Tricon-C with Pro-Fit for femoral component and 3 Tricon-M for femoral component were used in

combination with Tricon II.

k10 AGC Anatomic for femoral component and 3 AGC Anatomic for patellar component were used
in combination with MAXIM for other components.
I Total number of hospitals that had reported revision TKA operations to the NAR between 1994 and

2011.

Table 4. Reasons for revision and re-revision TKA operations
reported to the NAR from January 1994 through December 2011

re-revision as the endpoint were
85% at 5 years, 78% at 10 years,
and 71% at 15 years (Figure 2A
and Table 5). A higher percentage
of re-revision was observed for
revision TKAs with resurfaced
patella (48 of 272 knees) than for
revision TKAs with non-resur-
faced patella (97 of 744 knees).
However, there was no statisti-
cally significant difference in sur-
vival rates between TKAs with
resurfaced and non-resurfaced
patella (Figure 2C and Table 6).
To check for time-dependent dif-
ferences in results of revision,
revison operations performed in
the period 1994-2002 were com-
pared to revisions performed in
the period 2003-2011. Overall,

we found no statistically significant effect of period of revi-
sion operation on the survivorship of revision TKAs (Figure
2B and Table 6). There was a tendency of better survival for

. e a v

Reason for revision Rer\{ I(Sof)n Re rs \Zloz )O . knee arthroplasties revised in the period 2003-2011 with fol-
low-up of over 3 years, but the difference was not statistically

Loose femur 143 (14) 13(9) significant (RR = 1.8; p = 0.2).

Loose tibia 398 (39) 25 (17)

Loose patella 15 (2) 2(1)

Dislocation of patella 28 (3) 6 (4)

Dislocation other than patella 31 (3) 6 (4)

Instability 248 (24) 37 (26)

Malalignment 133 (13) 10 (7) Table 5. Kaplan-Meier estimated 5-, 10-, and 15-year survival per-

Deep infection P - 41 (28) centage and median follow-up of revision TKAs with all cases of

Periprosthetic fracture 58 (6) 7 (5) re-revision as the endpoint (NAR 1994-2011)

Defect/wear of polyethylene insert 117 (12) 6 (4)

Pain alone 83 (8) 15 (10)

Progression of arthritis 3 (<1) 1(1) No. of Median follow-up

Arthrofibrosis and stiff knee 58 (6) 4 (3) re-revisions /  time in years % Survival (95% Cl)

Other, or incomplete information 46 (5) 3(2) revisions (95% Cl) 5-year 10-year 15-year

2 More than one reason may have been reported. 145/1,016 4.5 (4.2-4.9) 85 (82-87) 78 (75-82) 71 (62—-80)

b Excluded from analysis of revision TKAs (see Figure 1).
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to the NAR between 2005 and 2011.
Revisions without bone impaction had a
3.2-times higher risk of re-revision than
those with bone impaction (p = 0.03)
(Table 6). Unadjusted Cox regression
analysis showed that the use of long
stems did not have a significant influence
on survival rate; nor did PCS (Figure 3
and Table 6). A high proportion of revi-
sion TKAs had missing information
regarding use of stems (30%). Thus, the
variable “use of stems” was excluded
from the Cox regression analysis.

Brand of prosthesis

Separate analyses were performed for
prosthesis brands used in = 50 revisions.
The 5- and 10-year survival rates were
81-88% and 73-83%. No statistically
significant differences in survival rate
or risk of re-revision were identified
among the prosthesis brands (Figure 4).

Discussion
Summary

Overall, the cumulative survival rate
of non-infected revision TKA opera-
tions was 78% at 10 years. The survival

Figure 2. Survival curve (Kaplan-Meier) for revision TKAs: overall survival of prostheses (panel
A), according to year of revision operations (B), according to type of revision TKA (C), and
according to type of revision operation (D) with all causes of re-revision as the endpoint.

Age and sex

The relative risk of failure of revision TKAs in patients less
than 60 years of age was 1.6 times higher than in patients more
than 70 years of age (p = 0.03). Male sex was a risk factor for
re-revision (RR =2.0; p <0.001) (Table 6).

Type of revision operation

Revisions done with exchange of either the femoral compo-
nent or the tibial component had a 1.7 times higher risk of
re-revision than complete revisions (p = 0.02). The exchange
of a tibial liner tended to have a higher risk of re-revision than
complete revision (RR = 1.5; p=0.1) (Figure 2D and Table 6).

Type of fixation, bone impaction, stems, and PCS

There were no significant differences in survival rate between
cemented, hybrid, and uncemented fixation (Figure 3 and
Table 6). The NAR started registration of information about
bone grafting in 2005. Thus, the analysis regarding the effect
of bone impaction was limited to revision prostheses reported

rates for patella-resurfaced and non-
resurfaced revision TKAs were simi-
lar. Better survival rate was observed
with complete revisions than for partial
ones in which only one component was
revised. Young age and male sex were risk factors for re-revi-
sion. Deep infection, instability, loose tibial component, and
pain alone were the most frequently observed causes of re-
revision. Survival rates were similar among prosthesis brands.

Explanations/mechanisms and comparison with
other relevant studies

As reported in previous studies, the survival rate for revision
knee arthroplasty at 10 years has ranged from 52% to 97%
(Whaley et al. 2003, Sierra et al. 2004, Sheng et al. 2006,
Suarez et al. 2008, Wood et al. 2009, Mortazavi et al. 2011,
Bae et al. 2013, AOANJRR 2013). However, in these studies
there were differences in revision techniques, patient profiles,
prosthesis design, definition of “failure”, and length of follow-
up, which make direct comparison difficult. Mortazavi et al.
(2011) reported a survival rate of revision TKAs of 78% at 8
years due to aseptic failure; however, the survival rate dropped
to 73% when all causes of revision were included. Using re-
revision as endpoint, a study from the Finnish Arthroplasty
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Table 6. Cox relative re-revision risk estimated with all cases of re-revision as the endpoint

Re-revision RR (95%Cl)
Variables / Revision (n) Unadjusted Adjusted p- value 2
Type of revision TKA
With non-resurfaced patella 97 /744 Ref. Ref.
With resurfaced patella 48 /272 1.0 (0.7-1.5) 1.0 (0.7-1.5) 1.0
Sex
Female 78 /693 Ref. Ref.
Male 67 /323 2.2 (1.6-3.0) 2.0(1.4-2.8) <0.001
Age at revision
> 70 years 51/477 Ref. Ref.
6070 years 43 /284 1.4 (1.0-2.2) 1.3(0.8-2.0) 0.2
< 60 years 51 /255 1.8 (1.3-2.7) 1.6 (1.1-2.5) 0.03
Type of fixation
Cemented © 128 /870 Ref. Ref.
Hybrid 15/132 0.8(0.5-1.3) 0.7 (0.4-1.2) 0.2
Uncemented 2/14 1.1 (0.3-4.5) 1.0 (0.2-4.0) 1.0
Bone impaction 9
With 4/113 Ref.
Without 54 /481 3.6 (1.3-10.1) d 0.01
Stems ©
With 54 /427 Ref.
Without 16 /91 1.2 (0.7-2.0) e 0.6
PCSf
With 45/310 Ref.
Without 100/ 706 1.1 (0.8-1.5) f 0.5
Year of revision operation
2003-2011 90 /787 Ref. Ref.
1994-2002 55 /229 1.2 (0.9-1.8) 1.2 (0.8-1.9) 0.4
Type of primary TKA
With non-resurfaced patella 113/813 Ref. Ref.
With resurfaced patella 32/203 0.8 (0.6—1.2) 0.7 (0.5-1.2) 0.2
Type of revision operation 9
Exchange of
the whole prosthesis 35/380 Ref. Ref.
femoral or tibial component 54 /313 1.7 (1.1-2.6) 1.7 (1.1-2.6) 0.02
tibial liner 43/253 1.8 (1.1-2.8) 1.5 (0.9-2.3) 0.1

2 p-values for the last reported relative risk (RR).

b Adjusted for type of revision TKA, age at revision, sex, type of fixation, year of revision opera-
tion, type of primary TKA, type of revision operation, and prosthesis brand in the multiple Cox
regression model.

¢ Antibiotic-containing cement was used in 99.9% of cemented prostheses.

d Registration of information on the use of bone impaction started in the NAR in 2005. Thus,
bone impaction was excluded from the multiple Cox regression model, but sub-analysis was
done for revision TKAs performed in 2005 and later. The risk of re-revision of TKAs without
bone impaction was 3.2 (95% CI: 1.1-8.9; p = 0.03) compared to those with bone impaction.
52 knees had missing data regarding bone impaction.

€ We did not adjust for stems due to the high percentage of missing data (49%).

fThe adjusted risk of re-revision of TKAs without PCS was 1.2 (95% Cl: 0.8—1.7; p = 0.4) com-
pared to those with PCS. Adjustment was made for type of revision TKA, age at revision, sex,
type of fixation, year of revision operation, type of primary TKA, and prosthesis brand in the
multiple Cox regression model.

9 Due to the small group size, and to achieve more homogeneity, prostheses with type of revi-
sion operation other than exchange of the whole prosthesis, exchange of the femoral or tibial
component alone, and exchange of the tibial liner were excluded from the Cox regression
analyses.

Register found that the survival rate of revision TKAs was
89% at 5 years and 79% at 10 years (Sheng et al. 2006). Sierra
et al. (2004) found a re-revision rate of 16%, 26%, and 34%
at 5, 10, and 15 years. In Australia, the cumulative percentage
of re-revision of TKAs was 13%, 16%, and 22% at 3, 5, and
10 years (AOANJRR 2013), which is in accordance with our
findings.

Use of patella component

The rate of re-revision was higher in
revision TKAs with resurfaced patella
(48 of 272 knees) than in those with
non-resurfaced patella (97 of 744
knees). However, we found no statis-
tically significant differences in the
risk of re-revision between TKA with
resurfaced patella and TKA with non-
resurfaced patella. To our knowledge,
there have been no previous compara-
tive studies on patella-resurfaced and
non-resurfaced revision TKAs. Cle-
ments et al. (2010) reported a statisti-
cally significantly lower revision rate
in patients who had undergone patella
resur—facing in primary TKA than in
those with a non-resurfaced patella.
The explanation given for the differ-
ence was that TKAs with non-resur-
faced patella were more likely to be
revised due to patellofemoral pain,
and more likely to be revised with
patella addition. Moreover, sur—geons
may prefer to revise a painful non-
resurfaced knee arthroplasty by sec-
ondary patella addition than to revise
a painful patella-resurfaced TKA
(Lygre et al. 2011). We could not find
the same tendency in revision TKA.
There could be several reasons for this
finding, including length of follow-up,
patient comorbidities, the degree of
bone defects and instability, and sur-
geon’s skill and volume.

Type of revision operation

We found that partial revisions had a
higher risk of re-revision than com-
plete revisions, which is consistent
with the results of previous studies
(Engh et al. 2000, Babis et al. 2002,
Leopold et al. 2003, Mackay and Sid-
dique 2003, Suarez et al. 2008). As
reported by Mackay and Siddique
(2003), patients treated with tibial tray

revision and retention of the femoral component had a higher
rate of re-revision (28%) than patients treated with revision of
both components (7%). Others have found high failure rates
after isolated revision of the tibial insert (Engh et al. 2000,
Babis et al. 2002). In their review, Riaz and Umar (2006) con-
cluded that selective revision is usually not a good treatment
option. Possible explanations for such a high rate of failure
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Cumulative survival (%) Cumulative survival (%) following partial revision TKAs as com-
100 100 pared to complete revision in our study
could be higher polyethylene wear, resid-
ual malalignment, and/or residual insta-
907 90 bility following partial revisions. Mackay
and Siddique (2003) argued that the loose

tibial component can have generated par-
807 T 7 ticulate debris even though the femoral
component is not radiologically loose, and
such a problem may only be adequately

70 70

— Cemented — With bone impaction eliminated after removal of both com-
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lower risk of re-revision in females than in males (Sheng et al.
2006). A previous study on primary hip arthroplasty from our
registry also found a higher risk of revision due to infection
in males (Dale et al. 2011, 2012). This gender-related differ-
ence could be caused by lower body weight in women—and
a lower intensity of use of the prosthetic joint (Sheng et al.
2006). Other authors have not found gender-related differ-
ences (Mabry et al. 2007, Bae et al. 2013). This disagreement
may be attributable to smaller sample sizes (Mabry et al. 2007,
Bae et al. 2013) or to the proportion of female study partici-
pants (178 females and 18 males) (Bae et al. 2013).

Fixation technique and year of revision operation

In the present study, the type of fixation and the use of PCS
had no statistically significant effect on the survival rates of
revision TKAs. On the other hand, a study from the Finnish
Arthroplasty Register found that cemented prostheses had
better survival rates than hybrid and uncemented prostheses.
However, the authors were not able to verify this result with
Cox regression analysis, due to a high percentage of missing
information (57%) (Sheng et al. 2006). In their comparative
study, Cintra et al. (2011) concluded that there were no dif-
ferences in survival rate between cemented and uncemented
prostheses. In the present study, we had few patients in the
uncemented and hybrid group, and the lack of differences
could be attributed to the low statistical power.

Impaction bone grafting is one of the various techniques
used to treat bone loss in revision joint arthroplasty (Toms et
al. 2004, Lotke et al. 2006). In the present study, the risk of re-
revision after revision TKA without bone impaction was higher
than after bone impaction. We did not have information on the
degree of bone loss, so the result must be interpreted with cau-
tion. Furthermore, the technique used—and whether the impac-
tion involved the periarticular bone or the meth-/diaphysis—is
not known for the individual case. In their study of 48 revi-
sion TKAs treated with impaction grafting, Lotke et al. (2006)
reported that there were no mechanical failures of the impaction
grafted components at an average follow-up of 3.6 years, but
they found a rather high overall rate of complications (14%).
Their conclusion was that impaction grafting had excellent
durability and versatility in bone loss in revision TKAs.

In revision TKA, the main purpose of an intramedullary
stem extension is to offload and reduce interfacial stress
of damaged periarticular bone in the distal femur or proxi-
mal tibia by providing additional prosthetic surface area for
implant fixation (Mabry and Hanssen 2007). Nazarian et al.
(2002) did not find any differences between stemmed and
unstemmed revision knee arthroplasty. In our crude analy-
sis, we found that there was no statistically significant differ-
ence in risk of re-revision between stemmed and unstemmed
revision TKAs. However, the tibial and femoral stems were
not entered in the database at the catalog number level, and
sample tests comparing the database and the paper forms filled
in by the surgeons revealed 30% underreporting of stem use in

the database, so an adjusted analysis of the effect of stem use
was not considered appropriate. The result must therefore be
interpreted with caution.

Advances in implant design, and in surgical and fixation
techniques, may have improved the survival of knee arthro-
plasties over time. In the present study, however, we found
similar risks of re-revision for revision TKA operations per-
formed in the year 2002 or before and for those performed in
the year 2003 or later. In other words, there was no improve-
ment in the survival of revision TKAs over the study period.
66 hospitals had done the revision operations. Further stud-
ies should be done to investigate whether revision procedures
should be done at fewer institutions. We already know that
high-volume hospitals have fewer revisions in primary TKA
(Badawy et al. 2013).

Prosthesis brands

To our knowledge, there have been no previous studies assess-
ing the influence of prosthesis brand on the survival rate of
revision TKAs. We found similar risks of re-revision for the
most commonly used prosthesis brands. However, the number
of cases operated with each brand was limited and the results
should be interpreted with caution.

Strengths and limitations

The strength of the present study was that it was based on
data from a nationwide registry, thus combining results from
low- and high-volume centers, and from highly specialized
and general orthopedic surgeons. Thus, the external validity of
our findings may be higher than findings from studies with a
randomized design. The registration completeness of the NAR
data (both primary and revision knee procedures) is excellent
(Espehaug et al. 2006). To our knowledge, there has been no
previous comparison of the outcome of resurfaced and non-
resurfaced revision TKAs.

Our study also had some limitations. It was an observational
study. A randomized controlled trial (RCT) is the best method
of comparing treatment modalities. However, it is uncommon
to study rare incidences such as those of revision and espe-
cially re-revision joint replacements in RCTs, for economic
and practical reasons (Benson and Hartz 2000, Lygre et al.
2011). Thus, large observational studies linked to arthroplasty
registries are the main source of knowledge on these subjects.
Different forms of bias may affect observational studies. In
the present study, we adjusted for the confounding factors
that are available in the registry database, but there are several
factors that were not taken into consideration. These factors
include patient comorbidities, the degree of bone defects and
instability, and surgeon’s skill and volume. Revision TKA is
a bespoke operation; each one is different, and surgeons have
to tailor their approach to surgery depending on the problems
each individual case presents. So confounding by indication
might influence the results, and these must be interpreted with
this in mind. Furthermore, failure was defined as implant revi-
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sion, which is a crude measure; radiological and clinical fail-
ures that were not revised in the study period were not regis-
tered. We did not perform adjustments for bilaterality in our
analyses. However, no bias would be expected from ignoring
the effect of bilateral prostheses (Robertsson and Ranstam
2003). We did not perform a post hoc power analysis to verify
whether or not the study had adequate power, but we report
confidence intervals. Levine and Ensom (2001) reported that
confidence intervals give sufficient information information
regarding power to detect the observed effect.

Further research

We have assessed the re-revision rates of revision TKAs.
However, not all patients with clinical failure will be offered a
second or third revision procedure. This can be due to factors
related to the patient, the surgeon, and the available resources.
Also, the results in terms of pain relief and function are uncer-
tain after repeated surgery. On the other hand, complica-
tions are increasingly common as the number of procedures
done on an individual patient increases. Thus, surgeons will
be reluctant to advise patients to undergo re-revisions unless
it is absolutely necessary. Furthermore, survival analysis of
revision TKA tells us nothing about those patients who did
not undergo re-revision (Robertsson 2000). The NAR has no
information on patient satisfaction, pain, and function after
revision knee operations. A further study is needed to assess
the functional outcome, pain relief, and patient satisfaction
with revision prostheses.

Conclusion

Complete TKA revisions had better survival than partial revi-
sions. Thus, partial revisions should only be done after careful
consideration in specific instances. Male sex and younger age
were risk factors for re-revision. Patellar resurfacing, the use
of posterior stabilization, and type of fixation had no effect on
the survival of revision TKAs. Deep infection and instability
were the most frequent causes of failure of revision TKAs.
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