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Abstract

Background There is limited information regarding
revision total knee arthroplasty (TKA) with respect to eti-
ology, outcome, and long-term survival comparing
different implant types.

Questions/purposes We compared patient outcomes,
survivorship and modes of failure and the most common
etiologic factors for rerevision between different revision
implant types.

Methods We retrospectively reviewed 349 cases of revi-
sion TKA in 343 patients whose mean age was 67.8 years.
Three implant types were used: posterior stabilized, con-
dylar constrained knee, and rotating hinge. The etiologies
included infection (32.7%), aseptic loosening (14.9%), and
polyethylene wear (12.3%). The minimum followup was
12 months (mean, 57.7 months; range, 12—120 months).
Results The mean Knee Society scores were 89 (range,
48-94), 88.9 (range, 45-95), and 84 (range, 56-94) and the
mean ranges of motion were 110.0° (range, 70°-125°),
106.1° (range, 70°-120°), and 111.7° (range, 85°-125°) for
the posterior stabilized, condylar constrained knee, and
rotating hinge types, respectively. The rotating hinge group
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had the highest satisfaction rates (88%). Overall 10-year
survivorship was 90.6% with highest survivorship seen
in the rotating hinge group. The most common causes
for rerevision were infection (2.9% of our cohort), insta-
bility (1.7%), and aseptic loosening (1.4%). The mean
overall time to rerevision was 69.9 months (range, 11—
119 months).

Conclusions In our experience periprosthetic infection is
the most common cause of failure of both primary and
revision TKA. Functional outcome and range of motion
improve irrespective of revision implant type. The rotating
hinge prosthesis provides patient satisfaction and survi-
vorship similar to that of other implant types.

Level of Evidence  Level 1V, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

As a result of the success of TKA [3, 5, 16, 19], its indi-
cations have widened to include younger and more active
patients, increasing the demand for the procedure. The
number of revision TKAs is therefore also rising with a
projected increase of 601% from 2005 to 2030 [22]. Fur-
thermore, greater than 50% of these revision procedures are
expected to occur in the younger age groups by 2011 [23].

Revision TKA must address soft tissue integrity and
bone stock, which are often compromised. The surgical
decision of implant choice must be based on these factors.
Contemporary designs of revision TKA prostheses have
evolved to provide systems with increasing levels of con-
straint. The modular posterior stabilized implant design
requires a functional soft tissue envelope with varus-valgus
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and anteroposterior stability. They have been successfully
used in revision, particularly in conversion of UKA to TKA
[17, 24]. Constrained implants include the nonlinked con-
dylar constrained and the linked rotating hinge designs.
They are used in cases of valgus-varus instability and/or
increased flexion gap laxity. The rotating hinge variety is
generally reserved for the more severe cases or elderly
patients with low functional demand and is perceived as
providing poorer patient outcomes. Controversy remains
with regard to the relative indications for different revision
implant types with little published information on out-
comes comparing the different designs [26, 28]. Although
causes of failure and survivorship are well-documented for
primary TKA, similar data on revision procedures are
lacking [9]. Furthermore, the largest studies have been
reported from the United States, which supposes a specific
patient population.

The objective of this study was to review our experience
of a large cohort of revision TKA cases from a single
tertiary referral center. Our primary aim was to compare
the clinical outcome of the different revision implant types
using the American Knee Society Score (AKSS) and ROM.
We also wished to analyze survivorship and modes of
failure of these revision TKAs and, finally, to assess the
most common etiologic factors leading to rerevision.

Patients and Methods

We carried out a retrospective review of prospectively
collected data entered in our database of revision TKAs.
All operations were performed between January 1999 and
February 2008 at our institution. Our exclusion criteria
included patients with simple débridement and washout,
simple liner exchange, fracture fixation, or an isolated
patellar resurfacing. The minimum followup postopera-
tively was 1 year (mean, 57.7 months; range, 12—
120 months). After exclusion, we were left with 349
revision TKAs in 343 patients who were eligible and
included in the study. Six patients underwent staged
bilateral revision procedures. Two hundred ninety-two
cases were referred from an outside institution. The aver-
age age was 67.8 years (range, 32-94 years). The average
body mass index (BMI) was 25.14 kg/m” (range, 18.9—
46.6 kg/mz). There were 204 (59.5%) males and 139
(40.5%) females. The average interval from the primary
TKA to the revision procedure was 84.3 months (range, 1-
167 months). The cause of failure requiring revision sur-
gery was determined by a full history, clinical examination,
radiologic investigations, and intraoperative findings
including examination under anesthesia, inspection of the
explanted components, and results of tissue and fluid cul-
tures. Isolated wear was differentiated from aseptic
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loosening intraoperatively in which there was absence of
concomitant osteolysis and migration. One hundred twelve
(32.1%) patients underwent revision TKA within 2 years
of the primary procedure, whereas 237 (67.9%) patients
underwent revision TKA more than 2 years after their
primary procedure. There were 18 recorded deaths at final
review.

Surgery was carried out using a standard technique with
an incision usually through the previous scar; the most
lateral scar was used where multiple scars were present. An
extended medial parapatellar arthrotomy was used in the
majority of cases but a patellar turn-down (15 patients),
rectus snip (104 patients), or tibial tubercle osteotomy (24
patients) was also used in cases of difficult exposure.

The choice of implant design was based on thorough
preoperative and intraoperative evaluation. Implant choice
was dictated by the extent of integrity of surrounding soft
tissue structures providing stability to the knee and the
extent of periarticular, metaphyseal, and even diaphyseal
bone defects. We have been using the posterior stabilized
(PS), condylar constrained knee (CCK) implant, and
rotating hinge (RH) revision TKA implants concurrently at
our institution. In cases in which collateral ligaments were
intact and functional, providing valgus-varus stability, a PS
implant would be used. The most common etiology in
which a PS implant was used was conversion of a UKA to
a TKA resulting from disease progression followed by
malalignment and aseptic loosening. Our implant of choice
was the PFC Sigma Cruciate Substituting (DePuy, Warsaw,
IN) prosthesis. Small cavitatory periarticular defects would
undergo augmentation with either cement or bone graft. In
cases of partially intact or functioning collateral ligaments,
cases with valgus-varus deformities of greater than 15° or
with flexion-extension gap mismatches that may predispose
to cam dissociation of a standard modular PS design, a
CCK implant was considered. We used Total Condylar III
(DePuy, Johnson & Johnson, Warsaw, IN) as our CCK
prosthesis of choice. Larger periarticular and metaphyseal
defects would be restored to achieve a normal joint line
using modular metal augment options. We would use a RH
prosthesis in cases in which there is complete absence of
collateral ligament support or in cases of very severe val-
gus-varus deformity and flexion contracture, which would
necessitate the complete release of the collateral ligaments.
Cases of severe flexion gap laxity, which may predispose to
cam dissociation and dislocation even in an unlinked
constrained CCK prosthesis or with bone defects that may
not be amenable to joint line restoration with metal aug-
ments, would be revised using the RH design. We used
the customized SMILES prosthesis (Stanmore Implants,
Elstree, UK) on a patient-by-patient basis based on bilateral
long-leg measurement radiographs. The MRH system
(Stryker, Kalamazoo, MI) and the S-ROM Noiles (DePuy),
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which has fixed embedded valgus angles of 6° and 7°,
respectively, were also used. In cases of poor metaphyseal
bone stock, judged to require diaphyseal fixation for sta-
bility, stemmed femoral or tibial components were used.
Most CCK and all RH implant were stemmed. Cemented
stem fixation would be reserved for the elderly population
or those with osteoporotic bone except in cases of the RH
implant in which we favor cemented stem fixation. This is
the result of our experience of patients returning pain at the
tip of uncemented stems. A modular PS implant was used
in 126 (36.1%) cases; 72 cases had stemless fixation, 39
uncemented stems, and 15 cemented stems. A CCK
implant was used in 149 cases; 40 cases had stemless fix-
ation, 62 uncemented stems, and 47 cemented stems. A RH
implant was used in 74 cases; 20 cases had uncemented
stem fixation and 54 cemented stem fixation (Fig. 1). Two
hundred four patients underwent patellar resurfacing. Of
the remainder, 79 had their previously resurfaced patella
retained and 66 were deemed unreconstructable. All cases
in the CCK and RH groups had revision of all components
of the index procedure with 16 cases in the PS group
undergoing a single component revision on either the tibial
or femoral side. A two-stage technique was used in all
cases in which infection was established preoperatively or
on evidence of infected tissue intraoperatively. A single-
stage technique was used in all other cases. All patients
underwent chemical and mechanical thromboprophylaxis
unless contraindicated. Physiotherapy was started in the
hospital and continued after discharge. Parenteral antibiotic
therapy was administered for 5 days in all cases with
extended protocols for infected cases dependent on sensi-
tivity. The most common organisms identified were
coagulase-negative staphylococcus (35.1%) and Staphylo-
coccus aureus (21.1%). Routine clinical and radiographic
followup was undertaken at 6 weeks, 6 months, and yearly
thereafter for all patients, including those referred from an
outside institution.

Clinical evaluation was performed using the AKSS and
ROM on all patients preoperatively and annually until
latest followup. Clinical evaluation and ROM were mea-
sured passively by a single observer (JT) using a
goniometer with the patient in the supine position. We
compared the mean AKSS scores and ROM at latest fol-
lowup with the preoperative values. Three hundred six of
343 patients had recorded entries for AKSS preoperatively
and at latest followup. Two of the authors (FH, SP) con-
tacted all available patients by telephone and asked if they
were satisfied after their revision TKA.

We calculated descriptive statistics (means, SD, and
range) for continuous study variables. Outcome variables
were compared using the analysis of covariance
(ANCOVA) and analysis of variance tests for parametric
data. The ANCOVA included covariate analysis of the

potential confounding factors of age and BMI. Post hoc
Tukey (honestly significant difference) test was used to
compare the different implant groups. We used the chi
square test to compare the dichotomous response satisfac-
tion rates between the different implant groups and to
determine the association between etiology of revision and
demographic variables of age and BMI. Patients were
categorized according to their age into either younger than
65 years or older than 65 years. BMI was categorized into
underweight (less than 18.5 kg/m?), normal weight (18.5—
24.9 kg/m?), overweight (25-29.9 kg/m?), obese (30—
34.9 kg/m?), and very obese (greater than 35 kg/m?). We
used Kaplan-Meier analysis to study survivorship of each
implant; the end point was failure with rerevision for any
reason. All statistical analyses were performed using
XLSTAT (Version 7.0; Addinsoft, New York, NY).

Results

There was an overall rise in the number of cases per year
for each implant type (Fig. 2). The most common reason
for revision TKA amongst all patients was infection (114
patients [32.7%]). This accounted for 35.7% of patients
revised at less than 2 years from the primary procedure and
31.2% of patients revised at greater than 2 years. Aseptic
loosening (52 patients [14.9%]), polyethylene wear (43
patients [12.3%]), and conversion of UKA resulting from
disease progression (29 patients [8.3%]) were other com-
mon modes of failure requiring revision TKA (Table 1).
With regard to age, polyethylene wear (p = 0.005) and
conversion of UKA (p < 0.001) were associated with
patients younger than 65 years of age. Infection
(p = 0.001) and periprosthetic fractures (p < 0.001) were
associated with patients older than 65 years of age. Aseptic
loosening (p = 0.003) and conversion of UKA
(p = 0.041) were the only indications for revision TKA
associated with an increasing BMI.

A significant difference was noted between pre- and
postrevision surgery ROM and AKSS scores for all three
implant groups. There was a mean improvement in ROM
from 101.9° to 108.7° (p < 0.0001), whereas mean AKSS
improved from 33.8 to 87.9 (p < 0.0001) (Table 2).

The choice of implant design best predicted the ROM
(p < 0.0001) and AKSS (p < 0.0001) after revision TKA
once age and BMI had been accounted for as covariates.
For ROM and AKSS, the largest contributions toward
significance were age (p < 0.0001, p < 0.0001) and type
of implant (p = 0.005, p < 0.0001), whereas BMI did not
contribute (p = 0.73, p = 0.55). There was a difference
in ROM (p = 0.0001) among the three different implant
types. Post hoc analysis demonstrated lower AKSS in the
RH group compared with either the PS (p < 0.0001) or
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Fig. 1A-F Radiographic images of a modular posterior stabilized
implant are shown from (A) the anteroposterior view and (B) the
lateral view. Radiographic images of a condylar constrained knee

CCK (p < 0.0001) groups, although no difference was
seen between these latter groups (p = 0.88). Similar
analysis demonstrated ROM was lower in the CCK group
(PS: p =0.0001, RH: p < 0.0001); no difference was
found for ROM between the PS and RH groups
(p = 0.22). One hundred seven (85%) patients in the PS
group, 122 (82%) patients in the CCK group, and 65
(88%) patients in the RH group were satisfied with their

@ Springer

implant are shown from (C) the anterioposterior view and (D) the
lateral view. Radiographic images of a rotating hinge implant are
shown from (E) the anteroposterior view and (F) the lateral view.

revision TKA. There was no difference between the
groups in that regard (p = 0.50).

The overall survivorship for revision TKA is 90.6%
(95% confidence interval [CI], 87.3%-93.9%). Survivor-
ship at 10 years was 90.3% (95% ClI, 84.9%-95.8%) for
the PS group, 89.3% (95% CI, 84.7%-95.0%) for the CCK
group, and 92.5% (95% CI, 85.6%-99.3%) for the RH

group.
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Fig. 2 A graph shows trends in the incidence of revision TKA at our

institution using rotating hinge (RH), condylar constrained knee
(CCK), and posterior stabilized (PS) implants.

Table 1. Indications for revision TKA in our cohort

Cause for revision Time from index to revision

Greater than
2 years (%)

Less than
2 years (%)

Aseptic loosening 10 (2.9) 42 (12.0)
Wear 3(0.9) 40 (11.5)
Instability 15 (4.3) 12 (3.4)
Infection 40 (11.5) 74 (21.2)
Fracture 6 (1.7) 23 (6.6)
Patella 10 (2.9) 5(1.4)
Conversion of 4 (1.1) 25 (7.1)

unicompartmental

replacement
Malalignment 13 3.7) 10 (2.9)
Component failure 1(0.3) 2 (0.6)
Extensor mechanism failure 2 (0.6) 3.9
Stiffness 8 (2.3) 1(0.2)
Total 112 237

The most common causes for rerevision were infection
(2.9%), instability (1.7%), and aseptic loosening (1.4%)
(Table 3). The mean overall time to rerevision was
69.9 months (SD, 26.8; range, 11-119 months).

Discussion

The aim of our study was to present the longest followup of
the largest series of revision TKA cases from a tertiary
referral centre in a UK setting. We examined the etiology
of revision TKA and compared its association with
demographic variables, including age and BMI, showing
periprosthetic infection and aseptic loosening as the most
common reasons for revision TKA. We compared AKSS,
patient satisfaction, ROM, and survivorship among the
three different revision implant types. Although AKSS and
ROM were lowest in the RH group, patient satisfaction and
survivorship were better compared with other implant
types.

Our study is limited by its retrospective design. Patient
satisfaction was assessed with a dichotomous “yes/no”
response as opposed to a scaled response, which may have
provided a more precise assessment. More than two-thirds
of our patients were referred from a different institution.
There is variability in the final followup interval at which
patient-reported outcomes were recorded. Nonetheless, our
study represents a very large cohort of revision TKA cases
in which data have been collected in a blinded manner.

The most common etiology leading to the need for
revision was periprosthetic infection, which accounted for
over 30% of cases. This is in agreement with other single-
center studies [10, 36] as well as that of Bozic et al. [6]
who reported infection to be the most frequent indication
for revision TKA from a stratified US sample of 60,355
cases. Theirs remains the largest such study undertaken to

Table 2. Pre- and postoperative outcome variables in our cohort of revision TKAs

Implant Preoperative ROM (SD, range) Postoperative ROM (SD, range) p value

All 101.9° (17.1, 40-130) 108.7° (10.5, 70-125) < 0.0001
PS 103.0° (19.6, 45-125) 110.0° (9.1, 70-125) < 0.0001
CCK 102.0° (15.5, 60-130) 106.1° (11.9, 70-120) < 0.0001
RH 100.1° (15.5, 40-115) 111.7° (8.5, 85-125) < 0.0001
Implant Preoperative AKSS (SD, range) Postoperative AKSS (SD, range) p value

All 33.8 (9.6, 21-71) 87.9 (6.5, 45-95) < 0.0001
PS 35.2 (9.8, 25-71) 89.0 (5.9, 48-94) < 0.0001
CCK 34.1 (9.2, 25-71) 88.9 (4.3, 45-95) < 0.0001
RH 31.0 (9.5, 21-68) 84.0 (9.0, 56-94) < 0.0001

PS = posterior stabilized; CCK = condylar constrained knee; RH = rotating hinge; AKSS = American Knee Society Clinical Score.
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Table 3. Causes of failure of revision TKA with mean times to rerevision surgery

Cause for rerevision Type of implant

PS CCK RH
Number Mean time Number Mean time Number Mean time
of cases to rerevision of cases to rerevision of cases to rerevision
(months) (months) (months)
Aseptic loosening 2 96.5 1 72 2 65.5
Instability 3 58 3 87.3
Infection 2 77 6 66.8 2 71.5
Fracture 2 65.5 1 72
Patella 3 87.3
Extensor mechanism failure 2 59.5
Stiffness 3 40.7

PS = posterior stabilized; CCK = condylar constrained knee; RH = rotating hinge.

date. Other studies meanwhile report aseptic loosening and
polyethylene wear as the most common reasons for revi-
sion TKA [32, 33]. Data from the national joint registry of
England and Wales have also shown aseptic loosening to
be the most common etiologic factor for revision TKA
accounting for 38% of cases nationwide. This was followed
by periprosthetic infections accounting for 24% of the
cases [9]. A similar trend in etiology has also been seen in
the Swedish and Australian Arthroplasty registry reports
[2, 24]. Our institution is a regional tertiary referral center
for infected arthroplasty cases, which explains why our
data are in agreement with the former rather than the latter
studies. Revision from a UKA to a TKA resulting from
disease progression is also a common indication in our
series, which we found to be strongly associated with
young patients and increasing BMI. The Swedish knee
arthroplasty register, although identifying aseptic loosening
as the dominant cause for failure of primary UKA, has also
shown progression of disease as a significant etiology
accounting for over 20% of the revisions of UKA cases
nationwide [24].

Our data show an association between polyethylene
wear and age less than 65 years as an indication for revi-
sion TKA. It is believed that although primary TKA
restores activity in younger patients, this precipitates
increased wear, thus promoting early failure [27]. Peri-
prosthetic fractures were common in patients older than
65 years of age in our series, which is likely to be multi-
factorial. Reasons include an increased predisposition to
falls and poor bone quality [15]. Foran et al. [11] suggest
there is a trend for obesity to influence aseptic loosening
after primary TKA, although this could not be statistically
proven in their sample of 60 cases. In our cohort, however,
with a larger number of patients, this association reached
statistical significance. The association between other
complications, including infection, is less clear. Although
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there is evidence to suggest a link between obesity and
deep infection [8, 29], our data did not demonstrate this.
Our data are similar to a previous report of 320 TKAs,
which showed no difference in terms of infection rates
between gender-specific groups of generally obese and
nonobese patients [1]. Furthermore, recent studies relating
obesity as a risk factor for periprosthetic infection impli-
cate morbid obesity with a BMI of greater than 40 or
50 kg/m2 [25, 30]. In our cohort of patients, there were
only three patients matching this criterion.

The indications for revision implant systems such as the
RH are constantly evolving [26, 28]. Our threshold for
using this implant is decreasing and this is reflected by its
increasing use in our cohort after 2001 with a resultant
decrease in CCK use (Fig. 1). Arthroplasty registries pri-
marily communicate outcomes in terms of implant
survivorship, which may not necessarily reflect patient
functional outcomes or satisfaction [31]. There are few
reports comparing outcomes between the different implant
types in revision TKA [28]. We demonstrated a major
improvement in patient outcome and ROM after revision
TKA irrespective of implant type. This was not affected by
BMI and is in agreement with other studies [1, 14]. The
scale of improvement after revision TKA is similar among
the three implant groups. Furthermore, satisfaction rates
were similar in the three implant groups. Post hoc testing in
our study demonstrated poorer AKSS in the RH group
compared with the CCK and PS groups. Although this is in
keeping with a previous study, which demonstrated better
outcomes with a CCK implant type as compared with an
older-generation RH prosthesis [13], our AKSS scores
within the RH group at final followup are comparable to
those of more recent accounts of contemporary RH designs
[3, 18, 37]. Patients within the RH group in our study had a
higher mean age than in the PS and CCK groups, which
may be a causative factor for the comparatively lower
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AKSS; they also invariably were the group with the
greatest bone and soft tissue loss, hence the choice of an
RH implant. Although not significant, the group also had
higher satisfaction rates as compared with the PS and CCK
groups. This may be attributable to lower expectations
among these patients as a result of their low preoperative
function as illustrated by their lowest preoperative AKSS.
There is evidence to suggest age as a demographic variable
has a negative correlation with knee outcome scores [7]. In
addition, a previous meta-analysis review has failed to
show a difference in patient outcomes among different
revision implant types [33]. ROM is similar between the
RH and PS groups, which agrees with previous work
comparing the RH design with a condylar design in revi-
sion TKA [4]. Kinematic studies of the native knee have
demonstrated axial rotation during flexion and extension
[12, 21]. The lack of rotational freedom in a CCK implant
may result in reduced ROM. Nonetheless, our patient
outcome results within the CCK group are comparable to
that of other centers that successfully use the implant [20].

Overall survivorship in our cohort after revision TKA at
10 years is 90.6%. Using rerevision as the end point, data
from the Finnish arthroplasty registry demonstrated a 10-
year survival rate of 79% [34]. Our results also compare
favorably to a recent review of 640 revision TKAs with a
9-year survival rate of 85% [35]. This study also identifies
infection (46% of cases), instability, and aseptic loosening
as the predominant reasons for rerevision. Qur cohort of
revision TKAs showed a similar trend in which peripros-
thetic infection, aseptic loosening, and instability
accounted for the majority of rerevisions.

Our data suggest periprosthetic infection is the most
common etiology for revision and rerevision TKA, espe-
cially in the elderly. Younger age group and an increasing
BMI play a role in aseptic loosening as a cause for revision
TKA. All three revision implant designs demonstrate clear
improvements in function and ROM. The RH implant
design provides equivalent patient satisfaction and survi-
vorship in comparison to the other constrained and
semiconstrained implant types.
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